On the variability of currents in a coastal region of the Baltic Sea by Mälkki, Pentti
MERENTUTKIMUSLAITOKSEN JULKAISU 
HAVSFORSKNINGSINSTITUTETS SKRIFT 	 .®/~ 
ON THE VARIABILITY OF CURRENTS IN A COASTAL REGION 
OF THE BALTIC SEA 
PENTTI MALKKI 
LINE CENSUS OF FISH MADE BY THE SCUBA DIVING METHOD 
IN THE ARCHIPELAGO OF LOVIISA (GULF OF FINLAND) 
PAULI BAGGE, ERKKI ILUS AND FRED MOTZKIN 
DIATOMS IN SURFACE SEDIMENT FROM DEEP BASINS IN 
THE BALTIC PROPER AND THE GULF OF FINLAND 
GUY HÄLLFORS AND ÅKE NIEMI 
MERENTUTKIMUSLAITOKSEN JULKAISU 	N:® 240 HAVSFORSKNINGSINSTITUTETS SKRIFT 
ON THE VARIABILITY OF CURRENTS IN A COASTAL REGION 
OF THE BALTIC SEA 
PENTTI MÄLKKI 
LINE CENSUS OF FISH MADE BY THE SCUBA DIVING METHOD 
IN THE ARCHIPELAGO OF LOVIISA (GULF OF FINLAND) 
PAULI BAGGE, ERKKI ILUS AND FRED MOTZKIN 
DIATOMS IN SURFACE SEDIMENT FROM DEEP BASINS IN 
THE BALTIC PROPER AND THE GULF OF FINLAND 
GUY HÄLLFORS AND ÅKE NIEMI 
HELSINKI 1975 HELSINGFORS 
CONTENTS 
	
Pentti 1Mälkki: On the variability of currents in a coastal region of the Baltic Sea ........ 	3 
Pauli Bagge, Erkki hus and Fred Motzkin: Line census of fish made by the SCUBA diving 
method in the archipelago of Loviisa (Gulf of Finland) .......................... 	57 
Guy Hällfors and Ake Niemi: Diatoms in surface sediment from deep basins in the Baltic 
proper and the Gulf of Finland ................................................ 	71 
Helsinki 1975. Valtio,, painatuskeskus 
Merentuticimuslait, Julk./Haysforskningsinst. Skr. No. 240 (1975) 3-56 
ON THE VARIABILITY OF CURRENTS IN A COASTAL 
REGION OF THE BALTIC SEA 
Pentti Mä11c1ci 
Institute of Marine Research, 00141 Helsinki, Finland 
The variability of currents in a coastal zone of the Baltic Sea during an 
80-day period was studied by spectrum analysis and by evaluating several 
terms in the equations of momentum, and in the equations for the kinetic 
energy of mean and fluctuating motion. The main part of the fluctuatimg 
energy was found to be concentrated in the low frequency range of the 
longshore component. Inertial movements were found to predominate in 
the relatively calm summer period, and their mechanism is discussed at 
some length. The background spectra were found to be different in the 
homogeneous surface layer and the stably stratified lower layer, probably 
owing to the two-dimensional character of the surface layer circulation. 
The evaluation of the momentum equations from the polygon-type 
observations revealed a triple balance between the Coriolis force, the 
pressure gradient force and the frictional force. The estimate of stress as a 
residual term and that calculated from wind observations were in qualita-
tive agreement. Quantitatively the agreement was not equally clear, owing 
to insufficiencies in the data. The energy balance terms could be only 
partially evaluated, owing to lack of information on pressure fluctuations 
and vertical velocities. The influence of Coriolis force on the exchange of 
energy between velocity components was estimated, and also the production 
of fluctuating energy. Fluctuating motion was found to feed energy to 
mean motion; moreover, a balance was found between the horizontal. 
production term and the energy diffusion term. An attempt was made to 
relate the fluctuating energy flux to the gradient of fluctuating energy. 
1. INTRODUCTION 
Several studies of the circulation of the Baltic Sea (e.g. Witting 1909, 1912, 
Palmen 1930) have provided a general picture of its currents, but a great amount 
of information is still needed on the conditions in particular regions. Since the 
beginning of this century, current measurements have been performed at numerous 
light vessels, and also temporarily on moored research vessels at various locations. 
Combined investigations were made as early as in the 1930's, but at that time 
they required the presence of several research vessels in the study region, which 
limited the duration of the recordings. It was not until the 1950's and 1960's 
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that the rapid development of automatically recording current meters allowed 
more prolonged investigations of the currents in a certain region. 
The records obtained with current meters in the Baltic have been analysed 
in various ways. The dependence of kinetic energy on frequency has been 
studied by time series analyses of point measurements or of records made at several 
levels along one vertical. On the basis of these results, studies have been made on 
tidal currents, inertial currents, the influence of internal waves, and the structure of 
turbulence. Of the studies on inertial movements, mention may be made of those 
of Gustafsson & Kullenberg (1936), Kullenberg & Hela (1942), and Kielman 
et al. ( 1969 ) . These studies indicate that inertial movements can be found in 
the Baltic at almost all levels. The movements are damped almost exponentially 
as a function of time. Phase changes across the summer thermocline have been 
observed to be approximately 1800, which led Kullenberg and Hela to conclude 
that the inertial movements observed below the thermocline are currents com-
pensating those in the surface layer. Kielman et al. ( 1969) found linear dependence 
between local stability frequency (Väisälä frequency) and the kinetic energy of 
inertial movements below the thermocline. 
On the basis of the studies carried out in the open ocean, Ozmidov ( 1965 ) 
suggested that energy is transferred from the mean flow to turbulent motion in 
-the surface layers of the sea, but that in deeper layers large scale turbulence feeds 
energy to the mean flow. According to Ozmidov, the kinetic energy spectrum can 
be divided into separate wave number regimes, where energy is fed to the motion. 
Between these regimes energy is dissipated according to to the -5/3 power law of 
,three-dimensional turbulence, 
In the coastal zones of the Baltic Sea, where the observations used in this 
study were made, the currents are very variable. This is due partly to great variations 
in depth and partly to the great variability of the general circulation in the Baltic 
Sea itself. The main driving force causing variable currents in the Baltic is the wind, 
or rather the changes of wind force in different weather conditions. The magnitude 
of a time-mean current is only a small fraction of the maximum current velocities 
observed (e.g. Palmen 1930) . The smallness of the mean depth in relation to the 
distances between the observation points gives reason to assume that the Ozmidov 
spectrum cannot be directly applied to the spectra observed here as the vertical 
movements must be very slow compared with the horizontal ones. Moreover, since 
the intervals between the present observations were 15 minutes, the time scales 
of the observed motions are different from those of vertical turbulent motions, so 
that local short period disturbances merely appear as noise in the time series of 
records. The influence of transient forcing into a coastal region has recently been 
discussed by Walin (1972 a, 1972 b). According to him, the baroclinic response is 
confined to a narrow coastal region and the response in the main part of the basin 
is essentially barotropic. The barotropic large scale low frequency motions follow 
the contour lines of the bottom and the baroclinic response was found to be confined 
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to a region 5 to 10 km vide. Temperature records made on a transversal section 
in a coastal region for two months (Walin 1972 b) showed variations of large 
amplitude in the coastal zone. On the basis of theoretical considerations Walin 
interprets these as internal Kelvin waves propagating along the coast. If the length 
scales of Walin are used the present observation sites lie roughly in the transitio-
nal zone between the coastal region and the open sea. The great variability of the 
bottom topography of the present study region makes it difficult to try to verify 
the theoretical features presented by Walin. 
The main goal of the study was to find out to what extent the available obser-
vations can be used to estimate the momentum and kinetic energy balance in the 
whole study region. In addition, some estimates of the influence of the coastline 
have been made. 
1.1. OBSERVATION MATERIAL 
The records used in this study were collected by the Swedish Meteorological and 
Hydrological Institute (SMHI) in July—September 1969 outside Landsort, cf. 
Table 1. The author is deeply indebted to the Institute for permission to perform 
and publish the present analysis. 
The location of the study area can be seen in Fig. 1 and the location of the 
verticals used and the topography of the bottom in Fig. 2. At verticals 1, 3, 24 and 
26, the currents were measured with'instrumented moored buoys at depths of 10, 
20 and 40 m. However observations at the depth of 40 in are lacking for stations 
3 and 26 for the study period. 
The currents were recorded with Geodyne current meters, moored at each 
station to a subsurface buoy. The approximate depth of this buoy was 5 m, and 
its buoyancy some 1000 Newtons. The buoy was held in position by three anchors 
each weighing 80 kg and three chain weights of 25 kg each. The lines connecting 
the anchors to the buoy had an inclination of some 300  from the horizontal. 
TABLE 1. Observation material used in the calculations 
Site 	 Type of obs. 	 Lat 	Long 	 period of obs. 	mc.ts. interval 
Landsort mater 	level 	........ 58°45' 17°52' regular 1 h 
xvind 	.............. regular 6 h 
Gotska wind 	.............. 58°20' 19°15 regular 6 h 
Sandön 
Ä atvilccn watet 	level 	......... 58°33' 16°50' continuous 1 h 
1 current 	............ 58°44' 18°08' 07-12 ... 10-03 15 min 
T, 	S 	.............. irregular 
3 current 	............ 58°48' 18°02' 07-09 ... 09-30 15 min 
T, 	S 	............. 	I irregular 
24 current 	............ 58°43' 18°47' 07-13 ... 09-30 15 min 
T, 	S 	.............. irregular 
26 current 	............ 58°39' 17°47' 07-10 ... 10-03 15 min 
T, 	S 	.............. I irregular 
Fig. 1. Location of the study region and the 
directions of the chosen coordinate axes. 
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Records had been processed on Datasaab D22 magnetic tapes. According to the 
manufacturer the meters record current speed with an accuracy of ± 2.5 cm s-' 
resolution being ± 0.9 cm s- '. A Savonius rotor was used to measure current 
velocity. Current direction was recorded with a compass with an accuracy of 
± 100  and resolution of ± 4.1°. 
In the processing of the data, current velocities were divided into two 
components (u, v) in such a way that the positive x axis is parallel to the line 
Hartsö—Enskär—Vittingen—Huvudskär on the coast. The positive y axis trans-
versal to the coast thus has the direction 330°. The co-ordinate system is presented 
in Fig. 1. 
The meteorological observations, mainly wind velocities and directions, used in 
this study were obtained from the stations at Landsort and Gotska Sandön (see 
Fig. 1). Observations were made four times a day at 00, 06, 12 and 18 GMT. 
Comparison between the two stations showed that the records of the wind 
component transversal to the coast including the mean values of several days were 
considerably stronger at Landsort than at Gotska Sandön. This is presumed to be 
due to the influence of the land-sea breeze, Since the study area is located near 
Landsort, it was decided to use only the Landsort wind data in the calculations. 
Water level values were obtained from the SMHI mareograph stations at 
Landsort and Marviken. The published data were adjusted with reference to zero 
level of the Swedish precision levelling before calculations were carried out. At 
Fig. 2. Bathymetric chart of the study region. 
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Fig. 6. Tenperatue, salinity and or variations in time at station 26. 
intervals of a few days throughout the study period water temperature and salinity 
were measured at depths of 0, 5, 10, 15, 20, 30, 40, and 50 m on the current 
recording verticals. The variations of temperature, salinity and aa, are presented 
for each vertical in Figs. 3 . . 6. 
1.2. CLIMATIC CONDITIONS DURING THE STUDY PERIOD 
At the beginning of the observation period, a high pressure stretched from 
Central Scandinavia to Finland. While this high pressure prevailed the wind 
velocities were low and wind directions variable. Towards the end of July, the 
wind direction varied between south and east, and the velocities were less than 
8 m s-'. In the sea the warm surface layer was a little more than 10 m thick. 
Current velocities were low. At the beginning of August the wind direction varied 
between NNE and ESE, and the wind velocities ranged from 1 to 9 m s'. The 
thickness of the warm surface layer increased somewhat while its temperature 
remained practically unchanged. No conspicuous changes were observed in the surface 
salinities. Thus it seems that the increase in the thickness of the warm surface 
layer was due to advection of surface water into the coastal region. 
2 12339-75 
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On about 20 August, the weather became more variable and, consequently, 
both wind velocities and current velocities increased. The thermocline sank to 
about 22-m depth and the temperature of the surface layer decreased somewhat. 
Maximum wind velocities were observed on 27 August, when the wind varied 
from ESE to ENE and the velocities from 15 to 21 m s'. During this time the 
surface layer salinity increased and the temperature decreased further. This may 
have been due to thermocline erosion combined with vertical mixing, both caused 
by the increase of the current velocities. 
At the beginning of September, wind velocities varied between 4 and 10 m s- ', 
and wind directions were mostly WSW — NNW. The temperature of the uppermost 
layer sank by about 0.5-1° C during five days, and at the same time the salinity 
of the layer increased. The surface layer was no longer as distinct as at the 
beginning of the observation period. On September 22 a very pronounced cyclone 
passed through the region from southern Norway to southern Finland. The maximum 
wind velocity recorded during the passage of this storm in Landsort was 28 m s' 
and the wind direction was recorded as SSE — SSW — W — WNW — W. 
Observations made before and after this storm show that the water masses now 
became homogeneous down to a depth of 50 m. The water level at Landsort 
changed by —10 cm in 12 hours. During the same time the level at Hanko 
(59° 49' N 22° 58' E) rose some 20 cm in 8 hours and changed —30 cm in the 
following 12 hours. The corresponding 12-hour changes at Helsinki (60°09'N 
24° 58' E) and Hamina (60° 3'4' N 27° 11' E) were +40 cm and ca. 150 cm, 
respectively. 
The mean wind velocities during the study months were: July 7.0 m s-', August 
6.1 in s-', and September 9.2 m s'. 
The positions of the different stations used in the calculations are presented in 
Table 1. A report on the whole observation programme of which the present 
material is a part has been presented by the Hydrological Office of SMHI (Kutinski 
1974). 
2. SOME STATISTICAL CHARACTERISTICS OF THE CURRENT 
OBSERVATIONS 
2,1. TWO-DIMENSIONAL DISTRIBUTIONS OF CURRENT VELOCITIES 
For each of the time series obtained from a set of current records, a two-
dimensional velocity frequency distribution was calculated in the following way: 
The observation period was divided into two parts according to the day when 
the thermocline sank below 20-m depth. The first of these periods was 13 July 
to 13 August noon, the second 13 August to 20 September. The currents were 
divided into two components (u and v) as described above, Then the percentage 
of cases where the component parellel to the coast was within the interval r, ± 
Fig. 7. Two-dimensional frequency distribution of current velocities at sta- 
tion 1. 
Fig. 8. Two-dimensional frequency distribution of current velocities at sta- 
tion 3. 
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Fig. 9. Two-dimensional frequency distribution of current velocities at sta- 
tion 24. 
---J ~ 
Fig. 10. Two-dimensional frequency distribution of curremt velocities at sta- 
tion 26. 
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25 cm s-' when the component transversal to the coast was v; + 2.5 cm s-' was 
calculated. The centres of the squares (n;, v ; ) were located at 5 cm s-1 intervals 
from the origin (iio =0, vo = 0) . Some examples of these frequency distributions 
are seen in Figs. 7 ... 10. On the basis of these figures the following conclusions 
can be made: 
— The principal axes of the distributions coincide fairly well with the 
coordinate axes chosen except at vertical 24 where the principal axes follow 
the isobaths, especially the observations at 40-m depth. 
— When the current velocities are high, a distinct minimum can be found near 
origin. Two distinct maxima are found in the surface layer. They are located 
symmetrically in respect to the origin. This may be partly due to the 
movements of the whole mooring system, which can interfere with the 
recording of very low velocities. Another and more probable explanation 
might be the influence of the coast. During the periods when the currents 
are stronger, the coast tends to guide them parallel to itself, and in 
consequence this component deviates significantly from zero. The influence 
of wave motion upon the records can be considered negligible, since under 
the prevailing wind conditions wave fields capable of influencing the records 
to any great extent can hardly have developed. 
— No singularities attributable to systematic measuring errors can be found in 
the frequency distributions. This confirms the result of manual checking 
of the observations performed in the SMHI. 
— The principal directions of the flow are parallel to the coast. Most of the 
distributions are asymmetric in the principal direction of the flow, whereas 
symmetry is somewhat better in the direction transversal to the coast. 
— The variance of both current velocity components decreases with the depth. 
During the first period, when the thermocline was between 10 and 20 m, 
no clear angle can be found between the principal axes of the flow at 
different depths in the same vertical. During the latter period also, when 
the current meters at both 10 and 20 ro were above the thermocline, the 
direction of the mean flow was the same at both depths. 
2.2. THE SPECTRUM OF CURRENT VELOCITIES 
Several previous papers have dealt with the distribution of kinetic energy as a 
function of frequency in the Baltic Sea. Krauss (1966) and Kielman et al. 
(1969) have discussed the distribution of the kinetic energy of internal waves, 
inertial movements and seiches on the basis of observations made in various regions 
of the Baltic, According to Krauss (1966), the velocity components (a, v) in the 
frequency range 0.14 to 2 cph are proportional to the function 
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(1 a) 	(i(t ). V(t ) ^' 	
2f2 
and, correspondingly, the temperature variations are proportional to the function 
(1b) 	T( ) — 	w  
where co = 2 a • frequency 
f = Coriolis parameter 
The results of Krauss were derived for an exponential stratification for a range 
of frequencies considerably higher than the inertial frequency. Furthermore, they 
are a first order approximation if the stratification is weak and the spectrum of 
atmospheric pressure variation is smooth in both time and space. The obser-
vation material of Krauss, collected from the Arkona Basin and Fehmarn during 
several years, fits these equations fairly closely. 
Kielman et al. (1969) determined the frequency distribution of kinetic energy 
at different depths. Their observations covered a fortnight in August 1964 at a 
few locations in the Baltic. Before the spectra were determined, the long period 
components (period longer than 50 hours) were filtered out from the time series. 
The authors found that the kinetic energy in the surface layer was proportional to 
the local Väisälä frequency 
>P (2) 	N°- - 
P az 
in the following way: 
According to this, increasing stability decreases the kinetic energy of the 
turbulent movements, and causes energy dissipation. 
In the lower layers of the Baltic Sea, the same authors found the kinetic energy 
of the fluctuating movements to be linearly proportional to the Väisälä frequency, 
i.e. 
N 
A similar result has been published by Webster ( 1969) from data collected at 
different depths at Site D in the North Atlantic. According to Webster, the linear 
dependence of kinetic energy on Väisälä frequency can also be found theoretically 
from the equation of internal waves and the equation of continuity. In terms of the 
results of Kielman et al. ( 1969 ) this would imply the existence of very long periodic 
internal waves in the limited Baltic Sea. 
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On the basis of studies of current velocities in the open ocean, Ozmidov 
(1965) suggested that the kinetic energy is distributed in the wave number space 
in such a way that energy feeding is limited to narrow bands of wave numbers, 
and that between these wave numbers equilibrium bands exist, where energy 
density is distributed according to the "-5/3 law" of three-dimensional turbu-
lence. 
( 3) 	E (k)  
where A = constant 
e = rate of energy dissipation 
k = scalar wave number 
The currents in the coastal zone cannot, however, be expected to be isotropic 
in three dimensions over time scales of 15 minutes or more. As can be seen in 
the distributions (Figs. 7 ... 10), even the assumption of horizontal homogeneity 
seems to be too strong. Therefore, there seems to be no justification a priori for 
the use of a spectrum form similar to a 3-dimensional equilibrium range in this 
particular case, although there is observational evidence for such a frequency 
spectrum is the open seas. 
According to the theory of two-dimensional turbulence of Kraichnan ( 1967) , 
the spectrum function of kinetic energy in wave number space can be divided 
into two separate ranges, separated by the wave number of energy feeding, k,, as 
follows: 
(4a) E (k) = uEx =/_, 	e <k < 
(4b) -., 
 
where a, i4 = constants 
c = net rate of energy transfer per unit mass 
91 = net rate of squared vorticity transfer 
kJ = wave number of energy feeding 
k, = lower boundary of the spectrum 
k,, = upper boundary of the spectrum 
The equation (4a) has the same form as the spectrum of 3-dimensional 
turbulence in the inertial range except that energy is transferred to lower wave 
numbers. Energy is not transferred to wave numbers higher than kJ, whereas 
enstrophy (mean squared vorticity) flux is directed to higher wave numbers. 
Since the flow is two-dimensional, total vorticity remains unchanged. 
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The application of a two-dimensional model to the surface layer of the sea 
would imply that energy feeding from the atmosphere is limited to a narrow 
wave number range. This is probably not the case, since atmospheric motions of 
different scales act simultaneously in the surface. In fact, certain observations 
(e.g. Kielman et al. 1973) seem to indicate that the spectrum of horizontal 
currents is in close conformity with the corresponding wind spectra. On the other 
hand, even if energy feeding occurs within a limited wave number range, other 
factors tend to destroy the purely two-dimensional character of the flow. When 
the energy flows to lower wave numbers, strong vertical shear will occur in the 
vicinity of the thermocline, internal waves are formed in the boundary layer and 
energy is lost to the movements in the lower layers. In a limited basin like the 
Baltic Sea, mass transports connected with large scale eddies, especially in summer 
when the thermocline depth is small, will cause redistribution of the mixed layer 
and energy loss to the baroclinic movements below the thermocline. The existence 
of inertial subranges where the theoretical two-dimensional model would apply is 
therefore questionable. In the winter circulation, when the mixed layer in the 
Baltic Sea is of the order of 50 to 70 m, the flow in the surface layer could more 
reasonably be expected to be of the two-dimensional type. During this season 
the depth of the mixed layer is of the order of the mean depths of the basin, 
and interaction with the flow in the lower layer will be smaller. Furthermore, 
the action of wind stress is more likely to be directed entirely to the mixed layer. 
In the presence of stable stratification, the buoyancy forces have an important 
role in the energy exchange between large and small scale motions, If the buoyancy 
flux spectrum is assumed to be proportional to the local mean buoyancy gradient 
(Phillips 1966: 232----234), an expression of the energy spectrum for the inertial-
buoyancy range of wave numbers can be found on dimensional grounds. This 
spectrum is characterized by a buoyancy sub-range, where the spectral energy flux 
is greater than the rate at which energy is dissipated by viscosity at the largest 
wave numbers, and by an inertial sub-range, where the three-dimensional turbulence 
theory may be applied. The energy in the buoyancy sub-range is extracted by 
buoyancy forces and transmitted to the potential energy of the density field. 
Using records of temperature fluctuations from both moored buoy stations 
and towed thermistor chains, Miropolsky & Filyushkin (1971) discussed the 
structure of fluctuations in the upper layer of the North Atlantic and equatorial 
Atlantic. They found that the spectra of fluctuations in wave number space and 
the frequency spectra could be related to each other with a dispersion relation of 
a three layer model of internal waves. The wave field was found to be dominated 
by the lowest modes, isotropic and unsaturated. The frequency range considered 
in their study was about f< ow < N i.e. the frequencies were somewhat higher 
than those discussed by Krauss (1966) . Correspondingly, the range of wave 
lengths varied from ca. 6 km to ca. 100 m. 
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The interpretation of temperature fluctuations in the range of frequencies 
above the inertial frequency was also examined by Kitaigorodskii et al. (1973) . 
Their observation material was basically the same as that of Miropolsky & 
Filyushlcin. They discussed the possibility of interpreting the fluctuations on the 
basis of theories of two-dimensional turbulence, isotropic three-dimensional 
turbulence and an ensemble of free and forced internal waves. In conculusion, they 
Found several intervals in the frequency spectrum where fluctuations are 
characterized by internal waves ( the first interval), a transition from internal 
waves to turbulence at intermediate scales (second to third interval), locally 
homogeneous small scale turbulence, and, finally, inertially viscous locally isotropic 
turbulence. At lower frequencies, the spectra may be dominated by quasi-two-
dimensional turbulence. 
In attempts to apply any theoretical model derived for wave number spectra to 
records from moored stations, it is necessary to assume the existence of a dispersion 
relation between wave numbers and frequencies. The Taylor hypothesis of frozen 
turbulence, f = kU, has been used (e.g. Ozmidov 1965) . This simple relationship 
between frequency f and wave number k, with a proportionality factor U ( _ 
velocity of energy flow) cannot, however, be used if the velocity fluctuations 
greatly exceed mean velocities, or if they are of the same order. The transfer 
velocity is probably a function of frequency (e.g. Rotta 1971: 150) and, therefore, 
conclusions based on measured frequency spectra remain uncertain. With a dense 
enough network of current meters, it might be possible to localize clusters of current 
fluctuations and follow them from one station to another and, in this way, try to 
define some dispersion relation. However, such an attempt would probably fail if 
the fluctuation field is homogeneous. 
Miropolslcy & Filyushlcin found an empirical dispersion relation between wave 
number and frequency in the case when the lowest mode of internal wave was 
dominant, but it probably cannot be found in the general case. Moreover, since in 
the present material the time scales range from those of large scale synoptic 
variations to those of relatively short internal waves, no attempt has been made 
to consider wave number spectra. 
2.21. Equations for the calculation of spectra 
The spectra of both current velocity components were generally determined 
simultaneously. Thus it was also possible to determine the distribution of total 
kinetic energy among different frequency ranges and, in addition the cospectra and 
quadrature spectra of the components. The autocorrelations were determined first 
with the following equations (Blackman & Tukey 1959 and Granger & Hatanaka 
1964) 
3 12339-75 
i 
C (r)  
N-r i 
C.() y N - 	, 
C, ( r) U;✓.< N-r ; 
n- c 
C~(r) 	_ v.' £i 
N-r I 
where 	N = total number of observations used for autocorrelation 
II' = if — it = velocity fluctuation around the mean 
v' = v — v = velocity fluctuation around the mean 
x= time delay, 0<-r< m A t 
The time delay in different runs was 15i, 45i or 90i minutes, and the maximum 
value of i was 250. The amount of observations per run varied between 1200 
and 1500. 
When the autocorrelations had been calculated their Fourier transformations 
were determined with Tukey-Hanning filtering 
(3) C'(r) = 2 (iICosAT)C(r) 
The following formulae were used: 
p,») _ 1 C(o)'2 	C( ,) cos 	C;,(m)(,)saj~ m 	 m 
c=~ 
	
(I) _ 	 C,(o)'2 ~C,'r (r) cos 	,C' (m)~<sn~~ 
ml 
(4)  
Co(1) = —1 ~C(o)' 	[C,,.(r)+C„(T)]cos ~I~ t 	[C",(rid)+C(in)]cosaj~ 
n; 	2 11 
0 (f)  2n? l 
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(5)  
These equations have been normalized to make total variance equal to XP,(f) and 
XP~ (f) over all the frequencies. Frequency is given by / = j/2mAt. 
P 11) 
cm s)fli] 
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The above cospectra, Co(/), and quardature spectra, Q(/) were also used to 
calculate the coherence 
P,(/)P(f) 
and phase angle 
(9) 	tai'(/) = Q(/) 
Co(/) 
Some examples of the calculated spectra are presented in Figs. 11 ...13. 
The vertical bars show the 95 § confidence intervals (c.f. Blackman & Tukey 
1959) . 
In all the spectra, some periodic features could be distinguished as peaks arising 
above the confidence limits. In addition there were other variations dependent on 
the measuring period and the depth of the current meter. The remaining parts of 
the spectra were characterized by a clear concentration of energy in the low 
frequency range and by a more or less uneven decline towards higher frequencies. 
Fig. 11 a 
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Fig. 11. a, b, c, d, e Power spectra of current velocity fluctuations. Numbers and letters refer to 
station/depth and velocity component (u=longshore, v=transversal.) Observation interval At= 
15 thin. 
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Fig. 12. Power spectra of current velocity 
fluctuations at 10 m depth. Sampling inteival 
d t = 1.5 h. For further explanation, see Fig. 
11.  
Fig. 13. Power spectra of current velocity 
fluctuations at 20 m and 40 m depth. Sampling 
interval d t = 1.5 h. 
2.22. Periodic components 
2.221. Inertial movements 
The most significant periodic phenomenon in the spectra is the inertial period 
movement. This is seen in particular in the analyses of the data collected during 
the summer months, when currents are generally weak. In the July—August 
spectra, inertial peaks could be observed with average current velocities exceeding 
10 cm s-t . These movements have a period of 14 hours, and in the computer 
printouts they are characterized by equal amplitudes for the two current components, 
and a constant phase angle, p (f) = 2700, between the components of the same 
current vector. 
The occurrence of inertial movements not only in marginal waters but also in 
the open ocean has recently been studied both theoretically and experimentally. 
Pollard (1970) analysed the influence of vind in an ocean with stable stratification 
using linear approximation of the equation of motion. According to his analysis, 
inertial motions are influenced most by winds of short duration. The velocity 
vector damps down slowly as a function of time, owing to dispersion, while the 
frequency deviates from the inertial frequency by less than 5 %. According to 
Pollard, the thickness of the mixed layer is the dominant factor for energy transfer 
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to the inertial motion, whereas the influence of vertical stability is of less importance. 
The current direction has a discontinuity at the bottom of the mixed layer, where 
the direction of the current component transversal to the wind direction changes. 
The overall change of the current vector at this depth depends on time elapsed 
since the inertial motion was induced, and on the vertical stability. This change of 
direction may range between 1200 and 2200 . 
In the Pollard model no attention is paid to frictional forces. They are 
considered to be of less importance than the disappearance of inertial modes due 
to changes of wind or, which is even more likely due to the opposite influence of 
the same wind in the second half of the inertial cycle. A comparison of current 
measurements with another, more simple, model of Pollard & Millard (1970) 
showed that inertial currents can be described well by using exponential damping 
(10) 'ri 	1 - • ,r(."(w il 
where 	rio = initial velocity 
c = damping coefficient 
O), = frequency of the oscillation 
In the study mentioned above, optimal damping was found with the values of 
the damping coefficient c = 1.5 X 10-' s-' and c = 3 X 10-' s- '. In the analysis 
of Kullenberg & Hela ( 1942 ) of inertial motions in the Baltic, frictional damping 
of inertial movements has a significant role. Calculation of the corresponding 
damping coefficient from the data of Kullenberg and Hela (Fig. 7 in their 
publication) gave the value c = 5.1 X 10-6 •1 for the E component and c = 
6.2 X 10G s-1 for the N component. 
In the data from the coastal zone outside Landsort, short-period fluctuations 
of large amplitudes are superposed on the inertial movements. In the calculated 
spectra, however, these fluctuations do not overlap the inertial period spectral band. 
The Fourier transform of the above equation (10) has been shown (e.g. by 
Kowalik and Taranowska 1967) to be 
(11) P(',l 	°~ 	
r( 	l z
J, 
w tia  
where Q2 = variance of u(t) 
Hence the influence of damping distributes energy to different surrounding 
frequencies. Fig. 14 shows some graphs of functions (11) with different values of 
the damping coefficient. Comparison of these graphs with the spectra calculated 
in Figs. 11 shows that relatively high damping coefficients are needed to explain 
the observed damping of inertial waves in the present material. A numerical value for 
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Pig. 1=1. Influence of damping coefficient on 
equation (11). 
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c which would make the peaks fit the calculated spectra would be of the order c = 
0.5 X 10- s- ' to c = 1 X 10-5 s- '. In particular, during the latter half of the obser-
vation period, the inertial motions become less distinct and, towards the end of 
September, cannot be detected at all. 
The damping is usually attributed to the influence of frictional forces of the 
Ga` 
form Az _ z . Krauss ( 1972 ) recently analysed a two-layer model, in which 
the upper layer is homogeneous and the lower layer stratified. According to his 
results, inertial motions are generated by wind stress in the surface layer and vary 
with the stress in time and space. In particular, the spatial structure of inertial 
waves corresponds to that of the wind stress. 
In the open sea, the wind field can be expected to be fairly homogeneous, and 
the inertial motions in the surface layer are thus also homogeneous. However, the 
cross spectral analyses of the present data show that this is not the case in the 
coastal region (Table 2) . The phase angles corresponding to the inertial motion 
recorded at different places show great differences, which would not be expected 
in the presence of a homogeneous wind field. A possible explanation of these phase 
angles is that the field of the tangential stress is very variable. As mentioned in 
subsection 1.2, there were significant differences in wind direction between Landsort 
and Gotslca Sandön, but owing to the lack of sufficient meteorological stations 
located close to each other, the degree of spatial variability of the wind field in 
the study area cannot be examined. 
The great differences in the phase angles can be attributed to variability in 
the forcing wind stress. Pollard (1970) considers the case where the wind stress 
is acting in the direction of one coordinate axis, being dependent only on the other 
axis. The stress function he considers is of the form r, sin(kx). The spatial structure 
of inertial oscillations is dependent on position, but no phase differences will be 
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TABLE 2. Coherences and phase angle differences of inertial oscillations at different stations 
determined from cross spectra 
st no./depth (m) st no./depth (te) period of record cohercncc phase 
1/10 u 3/10 u 07- 25...08 -07 .678 + 	7° 
1/10 u 26/10 u 07- 25...08 -07 .7o4 — 40° 
3/10 u 24/10 u 07- 25...08 -07 .47 +123° 
24/10 u 26/10 u 07 -25 ... 08-07 .800  —154° 
1/10 u 1/20 u 07- 25...08 -07 .787 +134° 
1/10 u 1/20 u 08- 07...08 -20 .33 —112° 
1/10 v 1/20 v 08- 07...08 -20 .762 +127° 
1110 u 1120 u 08 -20 ... 09-01 .3 o —119° 
3/10 u 3/20 u 07- 25...08 -07 .14 +116° 
24/10 u 24/20 u 07 -25 ... 08-07 . ass + 82° 
26/10 u 26/20 u 07- 25...08 -07 .sos —178° 
26/10 v 26/20 v 07- 25...08 -07 .943 —179° 
26/10 v 26/20 v 08 -20 ... 09-01 . 10 — 45° 
1/20 u 1/40 u 08- 20...09 -01 .60 —146° 
1/20 v 1/40 u 08- 20...09 -01 60 —139° 
24/20 N 24/40 N 07 -15 ... 07-25 .889  — 4° 
24/20 N 24/40 N 07- 25...08 -07 .89 ,1 — 26° 
found in the cross spectra. The same is valid for the case when the stress function 
is some other function of position, e.g. of Gaussian type. 
The possibility that the formation of inertial waves is due to nonlinear inter-
action with high frequency gravity waves was considered by Hasselman (1970) . 
According to his model, surface gravity waves can drive inertial oscillations 
through either horizontal stresses or the vertical shear stress induced by the rotation 
of the earth. For scales smaller than 100 km, horizontal stresses are the more 
important ones, for larger scales the influence of vertical stress dominates. The 
local decay may be explained by lateral inhomogeneities of the inertial oscillations, 
lateral variations in depth and the Väisälä frequency. According to this model, the 
frequency may be slightly lower or higher than the Coriolis frequency. In the 
coastal region, the wave field is inhomogeneous and the length scale of the inhomo-
geneities is less than 100 kilometres so that horizontal interaction stresses can be 
expected to be dominant. The differences in phase angles observed in the present 
material may thus be ascribed to the transient forcing field of surface waves. 
Another possible explanation of the differing phase angles presented in Table 2 
can be found as follows. 
Consider a homogeneous surface layer with no vertical gradient of velocity. 
The linear equations of motion, including the terms of horizontal eddy viscosity, are 
al, 	32U 	a' 
--/y = A — +A 
at a x' 	a y,  
(12) 
av 	6v 	a z v ,fu = A— -A 
axe 	ay° 
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These equations have a solution, periodic in both space and time, of the 
following form: 
u(x 1) 	ue-  
(13) 
v(x,t) = t,e u"s,o(kx-fl) 
where x = position vector = (x, y) 
I< = wave number vector = (k,, lc) 
k = scalar wave number, k2 = kx + ky 
This particular solution is equal in form to equation (10), with damping 
coefficient c = Ak', except for the dependence on the position vector. Here the 
damping is due to horizontal frictional forces and independent of depth. The 
movements are in the same phase at lines k • x = constant; otherwise there is a 
phase angle between the observed inertial movements. 
So far, there is no evidence from open sea observations which could prove the 
relevance of this solution, which may, however, be real in coastal regions. In several 
studies it has been observed (e.g. Gonella et al. 1969) that above the thermocline 
current velocities are almost independent of depth, which might justify neglecting 
the derivative of -r, in the equations of motion after the inertial motion has been 
settled. Moreover, if equations ( 12) are integrated over the whole surface layer, 
and if a surface stress, constant in time and space, is added in the direction of 
either component, the solution of the equation evill be similar to (13) except for 
an additional constant velocity component at right angles to the stress. 
The appearence of inertial movements in different phases in the present data 
can be ascribed to the influence of the coast. The mass transport of inertial 
movements is hindered in the boundary region and therefore the wave number will 
increase. Simultaneously, owing to the continuity requirements, the corresponding 
compensating movements in the lower layers will amplify. The present material does 
not indicate how far out to sea this influence can be detected. The study of 
Kullenberg & Hela ( 1942 ) shows that in the open Baltic the inertial movements 
in the surface layer are in approximately the same phase. 
When the following numerical values are taken as constants in equation ( 13) : 
A = 10 in' s- ' damping coefficient c = 10-5 s-' the wave number obtained is 
k — 10-3 m-' which corresponds to a wave length of some 6 km. Correspondingly 
with the value A = 102 m2 s' the wave length increases to some 20 km. In these 
examples the value for c is of the order suggested earlier in this subsection. The 
wave lengths obtained in these examples are of the same order as the distance 
from the measuring sites to the coastline. With greater wave lengths in the open 
sea, the damping due to the influence of horizontal eddy viscosity will soon become 
negligible. 
4 12339-75 
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As can be seen from Table 2, the inertial movements at station 26 are in opposite 
phases in the surface layer and below the thermocline, which agrees very well with 
the results of Kullenberg & Hela ( 1942 ) . In these cases, the coherence is also very 
high. At stations 1 and 24 the phase differences do not correspond, but show a 
more complicated pattern. The coherences at station 3 are very low, possibly owing 
to the great variability of the currents in the surface layer, and to the strong 
influence of the complicated coastline in the vicinity of this station. 
The same is true of the movements in August at most of the stations. In these 
cases, the phase difference angle has no statistical reliability. 
The last two rows in Table 2 show very good coherence between the currents 
at different depths in vertical 24. In both these cases the thermocline lay above 
the current meters. The phase angle differences are small, which indicates a regular 
pattern throughout the lower layer. 
2.222. Other periodic movements 
In addition to inertial movements, several other periodic components can be 
found in the spectra. Tidal motions are generally very weak in the Baltic and are 
often not significant in the records from the open sea. However, their influence 
can be clearly seen in some narrow straits near the coast, as already reported from 
the straits around Kemiö island by Lisitzin ( 1967 ), and as noted in the area outside 
Helsinki. In the present material, peaks corresponding to the M2 tide were found 
in the spectra of the 10-m records. The average amplitude of these fluctuations 
at station 1 is some 2 cm s-'. At station 26 a clear maximum was found in the 
frequency range 0.078-0.079 cph. Its amplitude is significant, and amounts to 
3.7 cm s- ' at both 10- and 20-m depths. Some insignificant maxima were found 
at the frequencies of diurnal tides, especially at the M1 frequency. Other significant 
frequencies were found to be 0.025 cph, 0.036 cph, 0.050 cph and 0.074 cph, 
which can be interpreted as Baltic seiches. The first one corresponds to the first 
mode of the Western Baltic-Gulf of Bothnia, the second one to the first mode of 
the Western Baltic-Gulf of Finland. The last two are the binodal modes of these 
eigenoscillations. All these peaks were statistically significant. 
In the spectra of the whole time series (A t = 1.5 h), peaks were also noted 
in transversal currents with periods of 18.5 h and 9.3 h. Moreover, some broader 
peaks were found around the periods 77 h and 33 h. In the short period range, 
several peaks are found. These peaks, although statistically significant, have ampli-
tudes in the range 1.5 to 3 cm s-' only. 
Although the same peaks are often found in both components of the current 
velocity, the coherence between these components is not always significant. This is 
possibly due to the vicinity of the coast, which changes the direction of the flow 
and thus causes the same periodic current to appear at odd phases. When the 
coherence is sufficient and, in addition, motion proceeds linearly, the phase angle 
27 
between components is either 0° or 180°, depending on the direction of the wave 
movement. This angle equals 0° when the wave front proceeds in the first and 
third quadrant of the plane but corresponds to 180° if the front proceeds in the 
second and fourth quadrant. Thus, the angle of deviation from the direction of 
the x axis, o, can be expressed by 
(and '— 
where the velocity components are determined from the amplitudes corresponding 
to frequency n 
u 	2Py(n) 
v > 0 when o = 0° 
	
: `1G P, (n) 
	
v < 0 when o = 1800 
Those cases in the spectra were chosen for which the conditions stated above 
are fulfilled, i.e. the peak was significant, coherence above 0.7 and the phase angle 
00 or 1800. The results of these direction determinations are presented in Fig. 15. 
Most of the low frequency waves can be seen to have the approximate direction 
S—N, and those for the highei frequency components W—E. The only 
exceptions are the oscillations within frequency range 0.013-0.026 cph at 40-m 
depth at station 1. It is possible that these deviations from the N—S direction 
are connected with the influence of the bottom topography. 
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Fig. 15. Directional analysis of coherent peaks in the power spectra. Numbers refer to corres-
ponding frequencies (cph). 
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On the basis of the results in Fig. 15 it may be concluded that the short period 
components are transversal oscillations of different modes of the Baltic proper. 
At greater depths, however, their influence cannot be found. Since the disturbing 
effect of the coastline may change the directions, a definite conclusion cannot be 
reached before corresponding observations have been made farther out at sea. 
This would also permit the study of those components which have elliptic 
trajectories at the coastline. 
2.3. BACKGROUND SPECTRA 
The aperiodic part of the current spectra in the present material shows the 
same general features as that observed in other parts of the Baltic Sea. A main 
energy maximum is located in the low frequency region, where the frequencies are 
less than 0.004 cph. After that follows a steep slope, approximately proportional 
to f°, where 1 <n < 3.5. This slope ends at the frequency range of periodic 
movements at about / = 0.01-0.02 cph. At the higher frequencies, several 
periodic components dominate the spectrum. The background is proportional to 
about f -1, and the slope continues until the range of influence of aliasing. At higher 
frequencies, some significant periodic components can be found. 
As noted in subsection 2.1, a dominant part of the energy in the surface layer 
is concentrated in the current component parallel to the coast. This is also clearly 
seen in the power spectra of the separate components. The transversal component 
shows very little fluctuation in energy density over a broad range of frequencies, 
whereas the longitudinal component has a maximum energy density in a narrower 
range. This maximum is one to two orders of magnitude larger than that of the 
transversal component. The same can be seen in the spectra of observations at 
20-m depth during the latter half of the study period, when the depth of the 
thermocline was over 20 m. In the spectra of current velocities from below the 
thermocline, no similar concentration in the longshore component can be found. 
The majority of the currents are generated by wind and are by nature mesoscale 
fluctuations. The monthly mean velocities at 10-m depth, where the currents were 
strongest, were only some 2.5 cm s-' at the various stations. The current may be 
expected to be adjusted to the longshore components by fluctuations in pressure 
and the action of the bottom topography. 
Adjustment to the longshore direction is also clearly seen in the coherences 
of the u components at stations 1 and 26 (Fig 17) . In the frequency range 0.001 to 
0.006 cph, coherence between them is higher than 0.7, and decreases rapidly to 
insignificant values. The coherences between the u and v components of the various 
stations have a minimum value at very low frequencies, but reach their maximum at 
a frequency corresponding to a period of 10 to 13 days. 
P1 : 
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Fig.  16. Energy density as a function of frequency at different observation sites throughout obser- 
vation period. 
The spectral form of the density of total kinetic energy e (u + v2 ) /2 in the 
low frequency range is proportional to f -", where in the surface layer 2 < n < 3, 
and in the layer below the thermocline 1.0 < n< 1.8. The dynamics of the mixed 
layer during the study period yvas obviously quite different from that of the 
lower layer. Moreover it was characteristic of the lower layer that coherences 
between current components at low frequencies were quite negligible. 
Comparison of the spectra of kinetic energy (KE) in Figs. 16, with those 
presented by Kielman et al. (1973) show that the coastal region has somewhat 
different characteristics from the Arkona Basin. In the present material vertical in-
tegration involves several sources of error, the chief of which Are the small 
amount of current meters used and the great variability of the thermocline depth. 
The spectrum in Fig. 18 is obtained by averaging the current spectra at 10 m and 
at 20 m. In this figure, the low frequency part is obviously higher, and the slope 
steeper than in those presented by Kielman et al. (1973). This seems to indicate 
that in the coastal region the flow at lower layers is more effectively damped than 
in the more open Arkona Basin. This is also seen indirectly in the amplitude 
spectra of Kielman et al., which do not vary markedly at different depths. 
In Fig. 19 the density of KE multiplied by frequency is presented as 
coordinate (linear scale) , and frequency as abscissa (logarithmic scale) . This makes 
it possible to compare the total KE at given frequency intervals simply by 
comparing the surface areas below the curves. The curves show the great 
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Fig. 17. Coherences of velocity fluctuations 
throughout study period. Solid line = coheren-
cc between longshore component at stations 1 
and 26, dash-dotted line = coherences bet- 
ween components at station 1. 
Fig. 18. Average of 10 and 20 m energy den- 
sity at station 26. 
concentration of KE in the low frequency region, especially in the surface layer. 
Some 35 to 50 % of the total variance is concentrated at frequencies less than 
0.004 cph. The percentage of energy density at different frequency ranges is 
presented in Table 3. In the curves for the surface layer also, the significance of 
the periodic components can be clearly seen. Here again a great difference is 
apparent from the corresponding figure of Kielman et al. for the Arkona Basin. 
In the Arkona Basin the low frequency part was remarkably flat and a very sharp 
peak was found at the inertial frequency, but the present material shows, in 
addition to the peak at low frequencies, a series of maxima in the range of periodic 
components. A special maximum in the range 0.006 to 0.015 cph is found in the 
record of station 24, at 40-m depth. This maximum is assumed to be due to the 
water exchange between the bay northwest of the recording place and the open 
sea. 
L 	j:: 	 • • 
Fig. 19. Energy density / E(l) versus log f at different stations. 
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TABLE 3. Relative energy density at different frequency ranges 
3 a. Means and standard deviations 
Depth 	 STATION l 	STATION 3 	STATION 24 	S'T'ATION 26 
u 	c u 	v u 	 u 	v 
10 m 	mean ............. 
SD .............. 
20 m 	mean ............. 
SD .............. 
3 b. Rclativc energy desity 
	
1.9 	0.8 - 2.1 - 2.2 - 2.3 - 2.1 - 2.2 - 0.9 
18.0 	13.1 	11.6 	7.3 	9.7 	10.0 	15.8 	11.1 
0.l - 0.s - 2.1 - 1.7 - 0.s - 1.1 	0.2 - 1.2 
9.4 	5.8 	7.9 	4.3 	5.0 	5.6 	11.0 	5.4 
Depth frequency rang. STATION I STATION 3 STATION 24 STATION 26 
10 m 0.000 -0.004 cph 35.7 49.0 33.s 42.5 
0.004 -0.012 cph 8.9 44.6 16.8 65.8 14.8 48.4 7.5 50,0 
0.012 -0.050 cph 14.9 59.5 13.s 79.s 25. l 73,5 12.3 62.3 
0.050 -0.100 cph 17.4 76.9 12.7 92.3 10.1 83.6 19.5 81.3 
0.100 -0.333 cph 23.1 100.o 7.7 100.0 16.4 100.0 18.2 100.0 
20 m 0.000 -0.004 cph 43.9 40.1 38.4 56.1 
0.004 -0.012 cph 14. n 57.9 17.7 57.8 16.0 54.4 7.7 64. 1 
0.012 -0.050 cph 17.0 74.9 23.0 80.8 17.5 71.9 13.8 77.o 
0.050 -0.100 cph 17.7 92.6 9.7 90.5 14.8 86.7 14.0 91.9 
0.100 -0.333 cph 7.4 100.o 9.5 100.o 13.3 100.o 8.l 100.0 
The spectra of the shorter time series reveal some regularity. In the upper 
layer, the curves roughly obey the law P(/)-/ 3, whereas in the lower layer there 
is dependence on f ' S. This seems to demonstrate a difference in mechanisms between 
the mixed layer and the stratified lower layer. The explanation may lie in some kind 
of quasi-two-dimensional turbulent flow in the upper layer. If this were true, the 
main energy feeding frequency would be around 0.004 cph, corresponding to driving 
disturbances at 10-11-day intervals. At this frequency also, a high value is 
found in the coherence between current components. 
If the surface layer currents obey a spectral law different from that of the 
lower, stratified layer, there will be a transitional region, which will sometimes 
belong to the upper layer, and sometimes to the lower layer. This was the case in 
August, when the thermochne depth sank below the recording depth of 20 m. 
In the records we have a combination of the currents of both these different 
layers and thus the spectra will also be a combination of both of them. The auto-
covariances and their Fourier transforms will consist of separate terms, which descri-
be the upper layer movements, the lower layer movements and the interaction of 
these two layers. If we assume that the thermocline sinks continuously and that the 
internal wave field is of very limited amplitude, the spectrum will, as a first approxi-
mation, consist of three terms: 
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Fig. 20. Mixed spectrum im relation to its 
constituents. The vertical scale is arbitary. 
Here the term Pii (co) describes the contribution of the upper layer, P22 (co) 
the contribution of the lower layer, and P12 (w) the interaction during the transition 
period. The weighting coefficients m, n, and 1 are proportional to the time of influen-
ce of each mechanism. Thus the final form of the spectrum depends both on the 
weighting coefficients and on the magnitudes of current variations during each time 
interval. As a result, we may expect the calculated spectrum to have a slope interme-
diate between that of the surface layer spectra and that of the lower layer spectra. 
As an example of the resulting mixed spectra, the energy density at 20 m 
at station 1 is presented in Fig. 20. The vertical scale is different for each of the 
spectra. In calculating these spectra, the time interval was divided into two parts: 
July 13 noon to August 13 noon, and August 13 to September 13. During the 
former period, the thermocline was above the recording level, during the latter 
period it was below the current meter. The spectra were calculated with registra-
tion intervals A t = 0.75 h (dashed lines) and with a recording interval A t = 1.5 h 
( continuous line) . The continuous line represents the resulting mixed spectrum, 
which in this case has about the same form as the spectrum of the latter period, 
owing to the small variance of the current velocities during the former period. 
At frequencies higher than inertial frequency, a slight difference can be seen in 
the slopes of the spectra of the one-month records. This may indicate that the ampli-
tudes of internal waves decrease differently as, a function of frequency above and 
below the thermocline. However, owing to the broad confidence intervals, the diffe-
rence is not statistically significant. 
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3. EQUATIONS OF MOTION 
With the available material it is possible to calculate estimates of the various 
terms in the momentum equations. Only the horizontal components of motion can 
be calculated. Estimates of the vertical velocities cannot be obtained even with 
the continuity equation, because the observation points are too far apart. 
Due to incompressibility condition, the equation of continuity reduces to 
u (15) a a7 N, å -o 
ax ` ay
-f- 
 a z 
The divergences of horizontal velocity components based on the averages of 
a few days were calculated as a function of time. Periods of 3.5 days and 5.25 
days were chosen as the basic period, for the following reasons: 
— Since inertial motions had a pronounced influence, especially at the 
beginning of the study period, they were filtered out from the mean values 
by using averages over periods which were multiples of the inertial period 
of 14 hours. 
— If reasonable values are to be obtained for spatial derivatives, the time 
scale for averaging should exceed the length scale divided by maximum 
velocity. Taking the distance between two current meters, 23 km, as the 
length scale and 20 cm s-1 as a characteristic velocity, we obtain a time 
scale 1.3 days. 
— When several multiples of the inertial period were tried, averaging periods 
of 5 to 9 times the inertial period gave the best results, and therefore 
6 X 14 h was chosen for the calculations. 
The divergences calculated for a 3.5-day averaging period and a 5.25-day 
averaging period are presented in Table 4. For the shorter averaging period the 
divergences vary between -0.5 X 10-5 and + 1.3 X 10-5 s-l. For the longer 
averaging period the variations are somewhat smaller. With the accuracy and 
resolution values of the current meter, given in section 1, a limit of error of 
0.8 X 10-5 s-1 is obtained for the divergences of single observation. values. This 
error corresponds to a mean velocity of 5 cm s-'. The values given in Table 4. 
have, however, been calculated from the means of several hundreds of observa-
tions. In addition to accuracy errors, systematic errors can occur, especially in 
the recording of the current velocities. Inspection of the instruments indicated 
that the systematic errors of the compasses were very small. However, these 
errors were not determined at the recording sites, and thus the influence of the 
anchoring system was not taken into consideration. Ferromagnetic materials were 
avoided in the anchoring hardware, and since the system was the same at all the 
stations, it is unlikely to cause significant systematic errors in the calculated 
values. If we take 6° of arc as the possible limit of error in the direction and a 
mean velocity of 5 cm s-1, the contribution of systematic error to divergence will 
amount to 2 X 10-6 s-1. 
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The vertically integrated equation of continuity enables us to find the relation 
between water level fluctuations and the divergences of the horizontal components 
of the current. Since, in the present material, information was available from 
only three depths, this vertical integration cannot be reliable. On the basis of the 
water level records at Landsort, the maximum vertical velocities of the surface 
were found to be 5 X 10-^ cm s-z. If the divergence of the records at 10-m depth 
is used and the overlying layer is assumed to have the same velocities at all 
levels, the vertical velocity of the surface should be 5 X 10 3 to 1 X 10-2 cm 
s-`. The assumption in this example that divergence appearing at the 10-in level 
can be traced upwards only is of course very crude. Comparison of the above 
values gives reason to assume that the long-term water level fluctuations at the 
surface are one order of magnitude less than those of intermediate layers. No 
correlation was found between the divergences and the water level changes, 
which indicates that the divergences are connected only with internal fields in the 
time scales used for averaging. 
3.1. THE EVALUATION OF EQUATIONS OF MOTION 
The evaluation of the different terms of the momentum equations is limited 
by the fact that the measuring system itself and the meters used recorded only a 
limited -range of the movements. Vertical velocities cannot he measured; 
moreover, the information on pressure fluctuations is limited to the coastal. zone. 
Although temperature and conductivity were measured repeatedly, their value 
in these calculations is very restricted, mainly owing to the long sampling 
intervals and to the limited amount of sampling stations. An effort is made here, 
on the basis of the available material, to determine the different components of 
the following equations 
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where u = velocity component in the direction of the x axis 
V = velocity component in the direction of the y axis 
I = 2 S2 sin q, = Coriolis parameter (12.46 X 10-5 s-' ) 
p = pressure 
F = (Pa, FY ) = frictional force 
u'v' — cross correlation of velocity fluctuations 
Because of the insufficiencies of the material, the study is mainly limited to 
observations at 10-m depth. Since the only material available on pressure gradients 
is observations of the water level at two coastal stations, only the longshore 
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component could be determined. For the frictional force two possibilities exist. 
It may be determined as. a residual term, or it may be estimated from the 
available observations of wind velocity and direction. Both ways will be used 
here and the results compared. 
The relationship between water level inclination, and wind and currents in 
Baltic has been treated in several studies. Palmen & Laurila (1938) and Hela 
(1948) determined stress values for the sea surface using hydrographical observa-
tions and water level observations. According to Palmen & Laurila (1938), when 
a strong wind blows along the basin of the Bothnian Bay there is first a tilt 
in the direction of the wind, and after that the surface of the water north of 
the Quark inclines so that the water level gradient is perpendicular to the long 
axis of the basin. Lisitzin (1946) estimated mean current velocities in the 
Quark, using geostrophic approximation, and compared the mass transport thus 
obtained with the variations in volume of the basin. The correlation between 
these two quantities was satisfactory. Lisitzin also determined surface currents 
due to wind stress, and correlated the current observation material of L/V Snipan 
with these estimates. The results in this case were not as satisfactory as those 
obtained by geostrophic estimation. Recent studies in the Quark (Grönvall 1975, 
unpublished manuscript) have shown that the pattern of currents in the Quark 
is a very complicated one so that a simple model can be expected to fail. The 
location of L/V Snipan is not satisfactory for determination of currents in that 
region. 
These considerations show that a quasi-stationary current field is formed in a 
short time after the beginning of the influence of wind stress. The main terms 
of influence in the equation of motion are the Coriolis force and pressure gradient 
force. Since, in the present material, pressure gradients transversal to the coast 
cannot be calculated, the possible existence of geostrophic balance cannot be 
verified. Some attempt will be made to determine its existence on the basis of 
wind observations and other material available. 
There may be justification for neglecting pressure gradient terms in the open 
ocean, as was clone in the paper of Pollard & Millard ( 1970) but in a. shallow 
coastal region their influence cannot be ignored. The damping coefficients used 
by Pollard & Millard, (see subsection 2.221) are also considerably smaller than 
those determined in the Baltic by other authors. 
In the processing of the present material, the data from each station were 
divided into groups with equal time intervals. Within each data group, the 
mean values, and the second and third moments were calculated. These results 
are not presented here. The time derivative was obtained for the same period 
as the spatial derivatives by making a separate sampling. The averages for the 
velocity components for this determination were calculated with a delay of half 
an averaging period. These choices divide the velocities, and the other correspond-
ing values into mean and fluctuating parts. The limit for the fluctuating part is 
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TABLE 4. Calculated results of various terms in the momentum equations. 
Units: for terms of momentum eq. 10-7 m s-2, for UI \\/I mes-2, for divergence 10-5 s-1  
,åån6 ddhe 
u 
N 	rI -ra °!' E uM  T2. +r 
071712-2023 -0.5 -9.0 -0.7 -30.3 142.6 102. o 48.7 1.2 -0.4 7.4 - 8.7 - 66.9 
072023 -2412 1. o -1. o -2.9 -12.2 122.2 107.1 55.6 0.3 -0.2 1.2 - 6.2 - 39. s 
072412-2723 -1. 1 -2.o -0.3 - 4.4 133.2 125.4 1.0 0.8 0.3 1. t -10,4 - 29.0 
072723-3111 -1.5 -8.4 -4.9 -36.0 114.4 63.5 - 6.9 0.9 -0.4 10.4 -13.7 -118.8 
073111-0323 0. e -3.7 0.2 10.7 94.o 101.8 -19.2 0.4 -0.2 -0.3 - 2.9 -103.6 
080323-0711 1.3 6.7 -2.t -25.4 89.3 70.2 3.2 -0.5 0.5 -3.2 - 3.=i - 98.s 
080711-1023 0.9 3.7 -1,3 - 2.1 75.2 76.5 -12.5 -0.4 0.1 0.7 - 3.5 - 34.3 
081023-1411 0.5 1.5 -0.8 -15.2 59.5 45.5 -15.o 0.4 -0.7 0.0 - 6.2 11.0 
081411 -1723 -4.3 -1. o -2.7 -41.5 42.3 - 7.2 -50.6 0. 1 0.9 4.8 - 6.2 -106.4 
081723-2110 3.9 0. I 1.7 23.1 56.4 85,4 12.4 -0.3 -1. 1 1.2 - 1.3 -100.8 
082110-2422 3. 1 -3.0 10.6 32.0 84.6 127.6 29.2 -0.5 -1.2 9.2 -17.1 74.5 
082422-2810 -2.9 3.6 -1,5 13.8 70.s 85.3 -37.6 -0.t 3.0 1.2 - 3.2 112.9 
082810 -3122 -2.9 -5.6 -5, t -32.5 90.9 44.7 3.2 0.6 -1.9 3.0 - 2.3 - 90.9 
083122 -0410 2.9 -7. s 3.4 -19.1 83.1 62.5 23.0 0.8 1.0 0.5 - 8.7 - 89.8 
090410-0722 2.3 0.7 5,9 -13.7 73.7 68,8 22. t 0.2 -1.1 0.8 -18.2 16.0 
090722-1109 2.0 3.6 1,2 4.1 69.0 79.9 41.2 0.1 0.9 2.1 - 6.8 139.4 
091109 -1421 -1. s 17.7 -0.7 7.2 62,7 85.41 3.2 0.7 0.5 3.8 - 3.4 186.7 
091421-1809 -7.4 -4.9 2.3 -50.3 47. o -13,3 - 9.4 0.5 0.2 9.6 - 7.0 - 80.5 
091809-2121 1.7 1.4 6. i -43.7 59.5 25.0 6.3 0.2 -0,8 5.4 -23.2 -163.8 
092121-2509 5.9 0.6 2.o 33.4 153.6 195.s 124.3 1.3 -0.6 -7.7 -12.4 10.5 
092509-2821 3.9 15.0 1.2 -13.7 114.4 120.8 102.5 0.5 0.2 8.4 - 5.o 228.3 
mean 	...... 0.4 0.4 0.6 -10.3 87.5 78.7 15.5 0.3 1 	0,8 2.5 - 8. i - 16.4 
S 	D 	..... 3.1 6.s 3.7 24.6 31.7 46.7 41.9 0.5 2.0 4.5 5.9 108.0 
0.012 cph. Comparison of this rather randomly chosen boundary frequency with 
the spectra of current energy density, especially those in Fig. 19a, suggests that 
there is also some physical justification for the choice. As can be seen in the 
spectra, both coherence and energy density have low values in the frequency 
interval 0.008 cph to 0.1 cph. Towards higher and lower frequencies energy 
increases. 
The terms of the equations were determined separately from two triangles. 
One consisted of stations 1, 26 and 24, the other of stations 1, 3 and 24. 
Gradients were approximated with the differences between the stations. For the 
nonlinear terms both the gradients and their multipliers were calculated separately 
before multiplication was carried out. As could be expected from the complicated 
topography of the region, there were deviations in the single values of the two 
triangles. The results presented here are weighted means of the corresponding 
values of the triangles. 
Table 4 gives results for the current components and divergences of hori-
zontal flow, results of the pressure calculations based upon the water level 
differences between Landsort and Marviken, and the reduced wind data UIWI 
and VU I (U and V being longshore and transversal components of the wind velo-
city W). It contains only the results based on the averaging interval of 3.5 days. A 
comparison between these results and those based on the 5.25-day averaging period 
can be found in Fig. 21. 
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Fig. 21. Time variations of different terms of momentum equation. Units as in Table 4 
As can be seen in the figures, the current component transversal to the 
coast is, on the average, only some 25 % of the longshore component. Both 
components have a mean value that does not deviate significantly from zero. 
Except for some single values, the terms calculated for the time derivative, 
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advection and diffusion do not show large variations. For all these terms, the 
standard deviation is considerably larger than the mean. 
The term of the pressure gradient parallel to the coastline is positive for the 
whole study period indicating that the water level was higher at Landsort. All 
the water levels used in the calculations were determined with reference to the 
Swedish height system RH 70. Since this height system is based on zero level 
in the year 1970, no influence of land uplift can be expected. The mean water 
levels in the year 1969 were RH70 — 1.5 cm at Landsort, and RH70 — 4.0 cm 
at Marviken. Thus, a possible systematic difference may exist in the water level 
values. 
The employment of roughly calculated differences, instead of more accurate 
derivatives, involves further sources of error in the results. The use of the 
arithmetic means of three stations to represent mean velocities for the whole 
region may also be somewhat questionable. However, all the data used are the 
means of a long time interval, which reduces the errors involved. The maximum 
errors for each column in Table 4 have been estimated with the following 
assumptions: 
	
— error in the areal mean velocity ...................... 	0.5 cm s-' 
— error in the mean of velocity fluctuations t .............. 	1.0 cm s- 
- characteristic value of velocity fluctuation .............. 	14.0 cm s-I 
— characteristic value of the mean velocity .............. 	10.0 cm s' 
When the above figures are used, the terms in equations (16) vill have the 
following limits of error: time derivate 0.3 X 10 cm s', advection terms 1.3 X 
10-' cm 52  horizontal components of Reynolds stresses 0.4 X 10 ' cm s-2, Coriolis 
force 6.2 >; 10-5 cm s 2. The last-mentioned error limit reduces the possibility of 
comparison of the various terms with each other. Since most of the other terms fall 
within the limits of error of Coriolis force, such a comparison, which could, for 
example, indicate whether long-period free waves exist, cannot be carried out. The 
maximum error in the pressure gradient due to inaccuracies in the mean water 
level values will be 3,0 `X 10-' cm s-2. Plotting the pressure gradient versus the 
Coriolis force does not give any linear correlation and thus indicates a lack of 
geostrophic equilibrium in the chosen time scale. 
Tangential stress in the sea surface may be estimated from the wind data for 
Landsort. The wind observations were made at a height of 36 m above the sea 
surface, and had to be adjusted for the height of 10 ro normally used. In the 
reduction to 10 m one or other of the parameters ar,,, (the friction velocity) 
and zo (roughness parameter) is needed. Both of these vary considerably in the 
marine environment, and die choice of the numerical value is therefore some-
what arbitary. There are, in addition, other sources of error, such as the lack 
of data on the stability of the surface layer, and uncertainty in the mean value, 
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as the wind observations are made at 6-h intervals. The reduction was carried 
out by determining the difference from the equation 
%ii 
where W = wind velocity (rms value for the interval in question) 
// = friction velocity 
x = von Kårmån constant = 0.4 
The equation is valid for neutral stratification. The friction velocity was 
taken to be linearly dependent on rms velocity of wind, according to Kuznetsov 
(Kitaigorodskii 1970:81). Since, on average the velocities of the wind did not 
exceed 12 in s- ', a single reduction equation was used for simplicity. 
The tangential stress is commonly assumed to have the following relation 
to wind velocity (e.g. Phillips 1966, Kitaigorodskii 1970) 
(17a) =co,ulvI 
where r, = tangential stress at the sea surface 
C = drag coefficient 
9 = density of air 
W = wind velocity at 10 m above the sea surface 
U = longshore component of the wind velocity 
The drag coefficient is of the order of 1ft'. The values of the product 
UI\` T were calculated for each of the time intervals, but the stress was not 
determined with any definite drag coefficient. 
Integration of the equations of motion over the whole water column makes 
it possible to compare the stresses with the current velocity components and 
pressure gradient terms. The difference in stress between the water surface and 
any other depth h can be found as a residual term from the estimated values as 
follows: 
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Evaluation of the residual requires sufficiently accurate information on the 
dependence of velocity on depth and the baroclinic part of the pressure gradient 
force. Efforts were made to determine the residual in spite of the scarcity of data, 
but the values obtained showed little correlation with stress values determined 
from meteorological data. The influence of density differences upon the stress 
estimates was avoided by determining the stress difference for a depth within 
the mixed surface layer, i.e. by calculating the stress difference -r0 -y10 at 10 m below 
the sea. surface. In this calculation the surface layer was considered to he 
completely homogeneous and the current at 10 m was considered to represent 
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Fig. 22 a. Time variations of different stress estimates. 
Fig. 22 b. Stress estimate as a function of wind velocity squared. (Ac- 
cording to equations 17 a and 17 b). 
that of the whole surface layer. Hence, integration in the vertical direction was 
simply replaced by multiplying different terms with the depth, 10 m. A 
comparison of this stress difference with the wind velocity square can be found in 
Fig. 22 a, and the linear regression is presented in Fig. 22 b. The regression equation 
was found to be 
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(1g) 	-r o\. = 0,81 , 70'UIM/i X63.3 , 10 3 	i = 0.726 
The correlation obtained (r = 0.726) does not deviate significantly from 
that between the pressure gradient alone and the square of wind velocity 
(r = 0.71). The main difference is found in the regression coefficient, which 
for the correlation of the pressure gradient alone was 0.46 X 10. 
The estimation of the drag coefficient has been studied repeatedly in recent 
decades. Palmen & Laurila (1938) found the coefficient to be 
C = 2.3 X 10'. 
The corresponding estimate given by Hela (1948) was 
C = 1.9 X 10-'. 
Both of these studies were based on correlations between wind velocity and 
water level observations in the Baltic Sea. During the past decade, direct 
estimations of drag coefficients have been made in the Baltic and other seas. The 
coefficient has been found to vary between 1 X 10-3 and approximately 3 X 10, 
being dependent on wind velocity especially. The recent results are discussed at 
length by Kitaigorodslcii ( 1970 ) . For a comparison of the regression line ( 18 ) with 
total stress, we may take as an approximation for the drag coefficient 
C = 1.5 X 10 3. 
When the above regression coefficient is divided by the density of dry air at 
15° C, 1.23 kg in -3, the "drag coefficient" obtained is C = 0.66 X 10-3. This 
value is somewhat smaller than those found in the literature, which indicates 
that only a part of the tangential stress in the sea surface is distributed to the 
uppermost 10 m. 
Since there are several uncertainties in the present calculations, the value of 
the above regression equation may be questioned. However, the calculation 
shows that even in this case, when the choice of observation sites was not the 
most suitable for this type of analysis, reasonably reliable values can be found. 
With a proper choice of study area and suitable location of recording equipment 
the direct calculation of the stresses may give valuable additional information 
on the distribution of stresses in the water body. The location of the recording 
instruments should allow the determination of both longshore and transversal 
pressure gradients and also of the density distribution in the water body. Since 
the Coriolis force and the pressure gradient are dominant, even a relatively simple 
arrangement of recording equipment may give good results. 
Owing to the lack of data on water level gradients transversal to the coast, 
it is not possible to make a similar analysis of forces in the equation (16b). 
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However, when regression equation ( 18 ) and the wind data are used to estimate 
-coy — r joy it is found that the unexplained residual is of the same order of 
magnitude as the Coriolis force. If this approximation is real, it indicates a 
roughly geostrophic balance between the longitudinal component of current 
velocity and the pressure gradient. Sufficiently accurate recording of pressure at 
the bottom would give the data needed to reach a definite conclusion on this 
matter. 
4. ENERGY CONSIDERATIONS 
In the previous sections it was noted that the major part of kinetic energy 
(KE) is concentrated in the low frequencies, and that most of the KE is found 
in the longshore current component. The energy equation for mean motion in the 
sea can be presented with the following equations (Monin & Yaglom 1971) 
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where E. = z 2"2 
_
y = 2 
= water density 
f = Coriolis parameter 
11' = u — u, fluctuating part of longshore velocity component 
v' = v — r), fluctuating part of transversal velocity component 
n F, = work done against frictional and external forces 
v F, = 	,> 	,, 	,, 	,, 	,, 	,, 	>) 
In equations ( 19 ) the terms fuu and fira describe the exchange of energy 
between one current component and the other. The terms denoted with (6 ) 
describe the interaction between the kinetic energies of turbulent and mean motion. 
The terms are negative when the KE of mean motion diminishes in favour of the 
fluctuating part of KE. In the above equations, terms containing vertical velocity 
have been neglected. 
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The balance equation for E„z (equation 19 c) is found by summing up 
equations (19a) and (19b), term by term. In this summation, the terms 
containing Coriolis parameter vanish, which indicates that no work is being done 
in the energy transition between the components. 
The equation for the KE of fluctuating motion can be written in the form 
(Monin & Yaglom 1971) 
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where the same assumptions have been made as in the equations for mean motion. 
Similarly to the equations for mean motion, the equations contain the exchange 
of fluctuating energy due to the Coriolis effect, plus the additional terms p'v' 
and p'n', which describe the influence of fluctuations in pressure on the rate 
of change of energy. In these equations the term indicating interaction between 
mean and fluctuating energy has the opposite sign to those in equations (19 ). 
Using observations on the currents outside the east coast of the USA, 
Webster (1961, 1965) found that the term describing turbulent energy 
production, 
a; 
is negative, which indicates transfer of energy from turbulent eddies to mean 
flow. The values he obtained at different sections across the axis of the Gulf 
Stream varied between 3 X 10 5 W m 3 and 81.7 X 10-5 W m 3. Moreover, 
the transfer of energy to mean flow had a maximum in each cross section in 
the neighbourhood of the continental slope and relatively low values in the 
deepest parts. In the regions of maximum transfer, values were obtained which 
were considerably higher than those presented above. However, the limits of error 
in the figures presented by Webster were high, owing to the large standard 
errors and limited amount of data. Webster considered that the results indicate 
the possible influence of the Gulf Stream meanders on energy exchange in the 
zone of cyclonic shear. Webster used measurements made with geomagnetic 
electrolcinetograph during several cruises and generally calculated total averages. 
Thus, the time scale of his material is somewhat variable, depending on the 
duration of the cruises. 
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A similar analysis of the energy exchange between turbulent and mean flow 
was made by Ozmidov et al. (1970) , using records from current meters moored 
in a polygon in the Indian Ocean. In all, seven moorings, with spacing varying 
from 10 to 35 nautical miles, were used. The rate of energy exchange 
(21)  
ax 	a, 	ax 	a, 
was calculated with finite difference approximation. At each mooring, records 
were available at 12 levels. The calculation showed a positive value for A in 
the surface layer and a negative value at lower levels. Depending on the scale 
of the calculations, the depth of zero value for A was either 150 or 400 m. 
For a time scale, equal to about 40 days, energy feeding from mean flow to 
turbulent flow took place down to 400 m, for a much longer time scale, it 
occurred down to 150 m. The authors concluded that in this depth interval the 
constant current draws energy from fluctuations of a time scale larger than 40 
days, e.g. monsoon-driven currents. At greater depths, energy is drawn from 
motions of small scales. 
4.1. THE KINETIC ENERGY BALANCE OF MEAN MOTION 
The estimation of the mean KE balance is greatly limited by the lack of data 
on vertical current velocities, since the terms containing vertical velocity 
fluctuations on both sides of equations (19) must be omitted. The same is true 
of the work against the pressure gradient, as only information on longshore 
pressure gradients is available. In view of these omissions it is not possible to 
find a complete balance of the energy changes and no estimates can be made of the 
dissipation of energy. 
An effort was made to estimate as many terms as possible in equations (19). 
The procedure used was essentially the same as in the calculation of the estimates 
of the momentum equations. In the calculation of fluxes of energy, first the 
terms E,ni were calculated for each corner of the triangles, then the divergences 
were determined with a first order approximation. Correspondingly, the transfer of 
mean energy due to the action of the horizontal components of Reynolds stresses 
;;l rr,. 	was determined for the corners of the triangles before divergence was 
calculated. The estimates of the horizontal production of fluctuating energy (in 
equation (21 ) ) were calculated analogously to the advection terms in the 
momentum equation. The results for the mean kinetic energy are found in 
Table 5, which also shows the exchange of mean energy between the current 
components due to the Coriolis effect, furu. 
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TABLE 5. Terms of the mean KE equation, 
Units: 10-6 W rn-3, for KE 10-1  J m-3  
Numbers in parentheses refer to terms in eq. 19 c 
Petiod E,,, (1) (2) (3) _J (6) 
1 	................ 17.7 0.9 30.3 56.7 163.6 74.7 
2 	................ 5.7 - 5.7 0.7 22.0 37.8 18.3 
3 	................ 2.s 12.1 3.2 51.5 10.1 57.7 
4 	................ 51.1 6.o 42.9 51.7 343.5 65.9 
5 	................ 35.1 - 6.2 0.5 16.3 - 88.8 16.4 
6 	................ 34.5 - 5.9 -36.0 -30.3 201.4 -29.4 
7 	................ 5.6 - 2.7 - 0.4 -18.7 5.7 -21.4 
8 	................ 3. s - 2.5 7.0 23.6 - 13.3 14.2 
9 	................ 42.4 33. 1.4 38.5 353.7 23.9 
10 	................ 35.8 -20.8 25.1 -49.3 -187.3 -44.0 
11 	................ 21.5 9.2 -23.4 14.3 189.7 -79.1 
12 	................ 43.6 - 9.8 46.3 -32.7 125.5 -17.7 
13 	................ 31.0 4.7 12.3 290.2 237.6 191.0 
14 	................ 28.2 -16.9 10.1 49.4 137.6 81,7 
15 	................ 1.o 6.4 1.2 - 0.8 - 17.7 25,4 
16 	................ 62. s 29. 1 20.9 24.7 45.5 16.6 
17 	................ 113.3 -10.8 100.5 31.6 107.9 55,3 
18 	................ 31.s 11.4 44.0 58.0 326.7 45.5 
19 	................ 92. s -17. I -31.o -97.0 574,2 45,2 
20 	................ 4.7 - 3.2 14.9 312.7 28.0 279.1 
21 	................ 169. s 90.o 117.8 50.1 -250.7 70.5 
mean 	............. 39.8 4.8 18.5 41.1 111.0 -42.4 
S 	D 	.............. 41.5 23.8 37.s  95.4 192.1 77.7 
Estimation of the maximum errors made in the same way as in subsection 
3.1, with the same characteristic values for the individual errors and velocities, 
gives the following limits of error: 
- time derivative of KE .......................... 	0.5 X 10 -5 W m-' 
- divergence of the energy flux .................... 	2.0 X 10-5 W m 3 
- transfer of KE due to Reynolds stresses ............ 	1.8 X 10-5 W m-3 
- production of fluctuating energy .................. 	3.0 X 10-5 W nx3 
- redistribution of KE due to the Coriolis effect ...... 	1.2 X 10-4 W m3 
The error limit for the production of fluctuating energy is only a small 
percentage of the corresponding values given by Webster (1961, 1965) . This 
seems reasonable, however, since Webster used observations made in the Gulf 
Stream, where the mean velocities amounted to 3 knots, and where the standard 
errors of the mean velocities were of the order of 5 to 10 cm s- '. Moreover, each 
of the averages used here was calculated from a series of 336 records, covering 
an observation period of 3.5 days. 
The results obtained for different sampling periods are compared in Fig. 23. 
As may be expected, the changes in time of the different terms are larger for 
the 3.5-day averaging period than for the 5.25-day averaging period, which is 
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Fig. 23. Time variations of different terms in the energy equation of mean motion, Numbers in 
parentheses refer to terms in equation 19 c. Units as in Table 5. 
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(a) averaging period 3.5 days, 	 (b) averaging period 5.25 days. 
Fig. 24. Energy diffusion as a function of energy feeding in the evaluated terms of the energy of 
mean motion. 
due to the low mean values obtained for the currents over longer averaging 
intervals. In spite of this, the curves follow each other fairly closely, especially 
during the less variable wind conditions at the beginning of the recording period. 
Comparison of the calculated terms with the limits of error presented above 
shows that, in general, the calculated values are significant. The order of 
magnitude of all the terms calculated is the same, which indicates, in particular, 
the importance of the non-linear terms in the equations. The terms f arv in the 
equations of the components are generally negative. According to this, the 
longshore component of the current supplies energy to the transversal component. 
The major part of the energy is nevertheless concentrated in the longshore 
component throughout the recording period, which must be attributed to work 
done against the mean pressure gradients. 
During the greater part of the recording period, the terms described in 
equation (21) are negative, which indicates that energy is fed from the fluctuating 
motion to the mean flow. This is in accordance with the observations reported 
by Webster (1961, 1965) for the currents of the Gulf Stream. The time scale 
used for averaging in the present calculations is of the order of the time scale 
of single atmospheric disturbances. It therefore seems reasonable to assume 
that energy is fed from short duration atmospheric disturbances to the fluctuating 
currents and from the fluctuating movements to the mean currents. It is possible 
that this energy feeding is closely connected with the influence of the coast. 
Comparison of the production term (eq. 21) with that of the transfer of 
KE due to Reynolds stresses ( term (3) in equations (19) neglecting the vertical 
fluctuations) reveals a close correspondence between these two terms, both 
qualitatively and quantitatively. This relationship is presented in Fig. 24a for the 
averaging period of 3.5 days and in Fig. 24b for the averaging period of 5.25 
days. The linear regression equation for the longer averaging period is as follows: 
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(22) 	y = 0.835 x + 2.79 	r = 0.972, 
where 	v _ 	~~ ""', 	'.1 _ 1 2 a>, 
The regression coefficient is close to unity, and it may be concluded that the 
terms balance each other, Quantitatively the relationship is somewhat poorer in 
the case of the shorter averaging period but it still remains significant. 
This kind of secondary balance in the energy equation indicates that the gain 
of kinetic energy is transferred and redistributed in the region, with no direct 
influence on the energy increase a E,/ a t. Although the shorter averaging period 
values are more variable and the majority of the points are situated close to the 
origin, there is some indication that this balance is maintained over a certain 
range of time scales. On the basis of the present material it is difficult to draw 
any further conclusions regarding the general applicability of the result. It is 
possible that this secondary balance is merely a local characteristic of the current 
energy variation. Moreover, the actual range of time scales over which the 
relationship is valid remains uncertain. Further studies, carried out both in the 
open sea and in coastal regions, are needed for a more general view of this 
secondary balance. 
4.2. THE ENERGY BALANCE OF FLUCTUATING MOTION 
The fluctuating energy balance was calculated according to the same procedure 
as the mean kinetic energy balance. The values obtained for the third momenta 
( i,n:) at each point were used in the computation of terms (3) in equations 
(20). An analysis of errors for each term, similar to that carried out in the 
previous sections gave the following limits of error: 
— time derivative of fluctuating KE 	........ ( term 1)  0.1 X 10 5 W m' 
— divergence of the energy flux 	............ ( term 2) 1.8 X 10e W to 3 
— fluctuating 	energy 	diffusion 	............ (term 3) 1.3 X 10-5 W m-3 
— production 	of fluctuating energy 	........ ( term 6) 3.0 X 10-5 W m 3 
— redistribution due to Coriolis effect 	...... ( term 5) 1.9 X 10-5 W m' 
The results for the total fluctuating energy are presented in Table 6. On the 
average, the change of fluctuating energy does show as large variations as the 
kinetic energy of mean motion. 
The present material does not allow the calculation of the total balance of the 
fluctuating energy. Here again, a secondary balance between the production and 
the diffusion term can be noticed, although the relationship is poorer than in the 
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TABLE 6. Terms of the turbulent energy equation. 
Units: 10-6 \V/ m 3, for energy 10-' J to 
Numbers in parentheses refer to terms in eq. 20 c 
Period E1 (1) (2) (3) f;;3; (6 ) 
1 	................ 53.5 16.4 - 19.8 3.4 42.3 - 74.7 
2 	................ 41.7 -16.1 - 	4.4 - 20.2 39.2 - 18.3 
3 	................ 60.5 21.0 - 	7.9 - 17.4 87,7 - 57.7 
4 	................ 62.7 -12.8 - 39.1 - 15.5 -44.5 - 65.t 
5 	................ 33.2 0.4 2.s - 13.2 -16.8 - 16.4 
6 	................ 50. 1 -10.7 - 	4. 1 - 20.7 -70.6 29.4 
7 	................ 34.6 15.3 1.3 17.0 2.0 21.4 
8 	................ 43.4 -10.s 5.5 - 27.1 29.4 - 14.2 
9 	................ 105.6 29.5 - 12.2 10.4 284.2 - 23.9 
10 	................ 67.9 -24.5 - 	1.5 14.7 14.2 44.0 
11 	................ 137. s 23.5 29.7 - 16.5 312.2 79.1 
12 	................ 63.1 49.o - 13.3 39.8 -72.0 17.7 
13 	................ 346.6 -24.7 - 31.9 -143.0 105. 1 -191.o 
14 	................ 137.6 -21.9 - 27.1 - 41.8 446.8 - 81,7 
15 	................. 123.6 - 6.1 - 25.2 6.3 82.1 - 25.5 
16 	................ 81.4 - 4.2 21.2 - 11.6 43.3 - 16.6 
17 	................ 89.5 26.5 31.3 - 	6.2 -86.6 - 55.3 
18 	................ 166. s -26.9 - 30.3 - 	5.2 148.5 - 45. 
19 	................ 169.4 26.9 -137.3 133.9 19.7 - 45.2 
20 	................ 242.4 17. 1 51.2 -244.6 175.0 -279.1 
21 	................ 129. a -32.7 5.8 - 53.6 364.9 - 70.s 
mean 	........... 106.7 1.6 - 	9.8 - 19.6 90.8 42.4 
S 	D 	.............. 77.3 23.1 37.1 70.o 148.8 77.7 
calculations of mean KE. The correlation coefficient between these two terms for 
the 3.5-day averaging period is r = 0.815. However, the correlation is weaker 
(r = 0.72) for the data of the 5.25-day averaging period and, moreover, the 
residual deviations from the regression line are in many cases of the same order 
as the calculated terms themselves. Therefore, more data are needed before any 
definite conclusion can be reached regarding the existence of this possible secon-
dary balance. 
Further information on the mechanism of energy redistribution was sought by 
making an additional calculation. It can be assumed that the flux of fluctuation 
energy, ;;;;Ju` is proportional to the gradient of the energy, i.e. 
(23) 	' ~. --° 
where a = the coefficient of fluctuating energy diffusion. 
The energy gradient was determined with the values calculated for the 
corners of the triangles, and the coefficient of proportionality a was found. 
This was done both by calculating the gradients directly and by calculating the 
norm of the energy gradient. The latter method, although more simple in numeri-
cal work, does not give any information on the sign of the coefficient of propor- 
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 Fig. 25. Absolute value of "energy diffusion 
ö 	„- 	 coefficient" as a function of nns velocity. 
tionality. It was found that the coefficient was positive in most cases when the 
relationship was applied to the data from stations 1 and 26, i.e. the data from the 
open sea region, whereas when the data were chosen from other pairs of stations, 
the result could have either sign. The apparently random behaviour of the coeffi-
cient when stations 3 and 24 were involved reveals the influence of the compli-
cated bottom configuration; the simple relationship cannot be found. The current 
velocities at the coastal stations 3 and 24 were in almost all cases lower than at 
stations 1 and 26, and hence the gradient of fluctuating motion energy generally 
had the same sign, while the sign of the energy flux varied from case to case. 
When the second method was used, the sign of the coefficient was omitted 
and only the absolute value of the proportionality coefficient was determined. The 
value varied from 75 to 6700 m2 s-'. The great variability of the diffusion coeffi-
cient was found to depend on the rms velocity l/ (,,2 + v2)', presented in Fig. 25. 
This figure shows a very strong dependence on the total current velocity, which 
indicates that the diffusion causes a homogeneous field of fluctuating energy when 
the current velocity increases. This homogenization tends to decrease the magni- 
tude of the divergence ~; """ . Reference to the data given in Table 6 suggests 
that this is the case particularly when the relative magnitude of the mean velocity 
is greater than that of the fluctuating velocity. In a coastal zone, the increase of 
current velocity may also decrease the gradients of the velocity in the longshore 
direction, and hence decrease the production term. This may be a possible explana-
tion of the correlation found between the production term and the diffusion of 
the fluctuating energy. 
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5. CONCLUDING REMARKS 
The current variability in a coastal zone in the Baltic Sea was analysed on 
the basis of records of current velocities made at four verticals during 80 days. 
The spectrum analysis of the material showed a concentration of the current 
energy in the low frequency part of the longshore component. The overall current 
velocities varied from a few centimetres per second to one knot. During the 
relatively calm summer period, the records showed a clear concentration of energy 
in the period range of inertial movements (T = 14 hours). Other periodic 
phenomena, in particular Baltic Sea seiches and tidal oscillations, were observed 
as well. An analysis of the directions of the motion of the periodic components 
showed that some of the oscillations may be transversal modes of the Baltic Sea. 
The phases of inertial oscillations differed between the recording verticals, 
reflecting the influence of the coast on the inertial movements. 
The background spectrum was found to be different above and below 
the thermocine. In the surface layer the slope of the energy density spectrum 
was found to vary proportionally to f -", where 2 < n < 3, whereas below 
the thermocline the corresponding value was 1.0 < n < 1.8. Although it is not 
possible to calculate the wave number spectrum, it seems possible that the 
difference is due to the quasi-two-dimensional character of the surface layer, and 
to the stability-dependent character of the lower layer. 
An effort was made to estimate different terms both in the momentum 
equations and in the energy equations. The residual term of the momentum 
equation was found to be in qualitative agreement with a stress estimate based 
on wind measurements. The quantitative dependence was not equally clear. It is 
assumed that the relationship would be more evident in a region with more 
regular topography. However, the apparent "drag coefficient" found for the 
stress difference and the statistically significant correlation (r = 0.726) show 
that with suitable location of the observation sites, this type of analysis can give 
additional information. on the distribution of the stresses in the surface layer. 
The estimation of the kinetic energy balance from the observations of 
horizontal current velocities could not be carried out in full owing to the lack 
of information on pressure fluctuations and vertical velocities, and only a limited 
number of terms was considered. The present material shows that there is a 
secondary balance between the transfer of KE due to the action of eddy viscosity 
and the production of KE of time-dependent motion. The production term was 
found to be negative, which indicated that energy was fed from the fluctuating 
component to the mean flow. A similar, although weaker, secondary balance was 
found between the production term and the diffusion of fluctuating energy. The 
flux of fluctuating energy was found to be proportional to the gradient of tur-
bulent energy, with a coefficient of proportionality of the order of 102 to 103 m2 
s-`. This "energy diffusion coefficient" was proportional to the rms velocity. 
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The results obtained in the present study remain tentative, particularly those 
for momentum and energy balance based on the records from the mooring 
polygons. As pointed out in the introduction, the observational array was not 
originally intended for a study of this kind and neither the topography of the 
region nor the shape of the coastline are favourable. Moreover, the results have a 
very limited time scale and relate to a single observation period. However, they 
suggest that polygon observations from suitably located instrumented moorings can 
give important additional information both on the distribution of stresses in the 
surface layer and on the energy balance. Future observations should include 
additional meteorological measurements, preferably from more than one buoy 
station with a short recording interval. The grid size used here seems to be near 
the lower limit of the range of applicability, and better estimates would be found 
with somewhat longer distances between the current measurement verticals. More 
reliable areal mean values could be obtained if current observations were also 
made within the squares of the grid. 
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LIST OF SYMBOLS 
A 	= coefficient of eddy viscosity (in chapter 2.2) 
= rate of production of fluctuating energy (in chapter 4.1) 
C 	= autocorrelation coefficient (in chapter 2.2) 
= drag coefficient (in chapter 3.1) 
c 	= damping coefficient 
Co 	= cospectrum 
Cob 	= coherence 
E = kinetic energy 
E, 	= kinetic energy of mean motion 
E = kinetic energy of fluctuating motion 
F 	= frictional force (= å Tr, + vo'1t j) 
I 	= frequency (in chapter 2.21) 
= Coriolis parameter (in chapters 2.221, 3.1 to 4.2) 
g 	= acceleration due to gravity 
h = depth 
i 	= summing index 
I = summing index 
k 	= wave number vector 
k = scalar wave number 
l 	= weighting coefficient (in chapter 2.3) 
in = maximum number of autocorrelations (in chapter 2.21) 
= weighting coefficient (in chapter 2.3) 
n 	= coefficient 
N = Väisälä frequency 
= total number of observations used for autocorrelation (in chapter 2.21) 
P 	= power spectrum 
p = pressure 
Q 	= quadrature spectrum 
S = salinity 
T 	= temperature 
t = time 
U 	= longshore component of wind velocity 
U = longshore component of current velocity 
11* 	= friction velocity 
V = transversal component of wind velocity 
V 	= transversal component of current velocity 
W 	= wind velocity 
w = vertical component of current velocity, positive upwards 
X 	= position vector 
54 
x 	= longshore axis of the coordinate system (positive direction 600 ) 
y = transversal axis of the coordinate system (positive direction towards 
the coast) 
z 	= vertical axis of the coordinate system (positive upwards) 
zu = roughness parameter 
a 	= constant (in chapter 2.2) 
= coefficient of energy diffusion (in chapter 4.2) 
R 	= constant 
E 	 = rate of energy dissipation 
1/ = rate of mean squared vorticity transfer 
x 	= von Kårmån constant 
0 = density 
a, 	= 1000 X (P-1) 
r = time delay (in chapter 2.21) 
zo 	= wind stress on surface 
r = shear stress (in chapters 3.1 to 4.2) 
co 	= phase angle 
0 = angle between current velocity vector and positive x-axis 
w 	= 2 7r frequency 
( ) 	= average in respect to time 
subscripts 
c,d,s 	see chapter 2.2 
x refers to x-component 
y 	refers to y-component 
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ERRATA 
Page 
39 Eq. 17 b. The left side of this equation should be divided by density. 
46 Fig. 23. The number (4) in the bottom left diagram should be (3). 
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LINE CENSUS OF FISH MADE BY THE SCUBA DIVING 
METHOD IN THE ARCHIPELAGO OF LOVIISA (GULF OF 
FINLAND) 
Pauli Bagge r, Erlcici Ilus 2 and Fred Motzlcin 
Institute of Marine Research, 00141 Helsinki, Finland 
The species composition and density of fish resting on or near the bottom 
at night were studied by the SCUBA diving method along three permanent 
100-m lines, in the archipelago of Loviisa, in May—October 1972. The most 
abundant species observed were the freshwater fish perch, roach and ruff, 
which together made up 96 % of all the fish individuals recorded. In some 
biotopes the densities of fish in August—September exceeded 100 ind/are 
(maximum density 173 ind/are). Marked seasonal fluctuations were observed 
in the densities of the fish. Practical improvements in the method are 
suggested. 
One of the main problems in fishery biology has been to find suitable methods 
for evaluating quantitatively the density and composition of fish populations. In 
small bodies of water, it is possible to use explosives, poisons or electrofishing, to 
empty the whole body of water or to employ the mark-recapture method. In larger 
bodies of water, the last-named method may be used as well as echo-sounding, 
seining, trawling and active netting. The main disadvantages of many of the met-
hods commonly applied are that they are very selective, at least partly change the 
composition of the fish populations and may even disturb their biotopes. During 
the last two decades, especially, less drastic methods, such as underwater photo-
graphy and diving, have been developed for studying fish and other aquatic or-
ganisms in their natural biotopes (cf. Riedl, 1967). 
The SCUBA diving method was first employed in a line census of fish in the 
Gulf of Finland by Sumari ( 1963  ) . Encouraged by his results, we made regular 
censuses of fish along three permanent 100-m lines in the archipelago of Loviisa 
in May—October 1972. In this way it was possible to follow the seasonal 
occurrence of fish resting on or near the bottom at night during most of the ice-
free period. 
Present addresses: 
t Department of Hydrobiology, University of Jyväskylä, Jyväskylä, Finland. 
Z Institute of Radiation Protection, Helsinki, Finland. 
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METHODS 
The fish censuses were made by divers moving along white rope lines anchored on the bot-
tom with stones, The distance from the shore was marked with white styrox floats (8 X 0 5 cm) 
tied to the ropes at 5 -m intervals and rising ca. 50 cni from the bottom. The outer ends of the 
lines were marked with buoys. The diver (occasionally two divers) followed the ropes from the 
buoys towards the shore on lines A and C but usually moved in the opposite direction on line B 
(cf. Fig. 2). 
The rate of progress along the bottom depended on the visibility (very poor in May) and on 
the number of observations made. On line A, each dive took 15-35 minutes, the corresponding 
values for lines B and C being ca. 20-45 minutes and 30-80 minutes. Since the experience of 
Sumari (1963) indicated that censuses should be made in the dark, they were performed at mid-
night in summer and after 8 pm in autumn. Vega underwater torches with a light intensity of 
ca. 2000 lux vete used as light sources. The records of the fish were usually written with wax 
pencils on acrylic pads (30 )< 40 cm) mounted below the torches, but in autumn an underwater 
telephone (Finn-Suit SP-1) connected to a tape-recorder in the boat was also used. 
In early summer the visibility -,vas only 0.6 m, but it increased towards autumn, being about 
5 in at its best. Owing to the poor visibility, the breadth of the census lines was only 1.2 m in 
May, but in summer it was possible to use a breadth of 2 m, and occasionally even 4 m when 
two divers were operating together (cf. Table 2). 
The temperature of the water was measured at three depths with a mercury thermometer 
in a Rutiner water sampler, and transparency was determined with a Secchi disc (20 X 20 cm). 
The depth on different parts of the lines was measured with a pressure meter. 
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Fig. 2. Situation of the census lines. 
THE STUDY AREA 
The hydrography and bottom fauna of the study area (Fig. 1) have been discussed by 
Bagge & Voipio (1967), Bagge (1972) and Bagge & Ilus (1973); the primary production and 
biomass of the phytoplankton have been dealt with by Bagge & Niemi (1971). According to these 
studies, these waters can be classified as a fairly oligotrophic and partly oligohaline coastal area 
of the Guf of Finland; the salinity of the bottom water ranges from ca. 4.5 to 6 °%°. The special 
features of the area are a considerable decrease in the salinity of the surface water in early spring 
combined with high turbidity and an irregular exchange of water below the sill depths of the 
main basins. In Hästholmsfjärd the total exchange of water has been estimated to take ca. 115 
days (Bagge & Voipio 1967). 
The location of the census lines is seen in Fig. 2 and their depth profiles in Fig. 3. Lines A 
and B are situated in an area where cooling water from a nuclear power plant will be discharged 
from 1976 onwards. Several zones were distinguished on the lines on the basis of depth, character 
of the bottom and vegetation (see explanations below Fig. 3). For practical reasons, the zones 
were combined into six main biotopes, which ate: 
steep slopes of lines A and B with stony bottom and weak algal vegetation (A II—IV 
and B II) 
deep bare silt and clay bottoms of lines A and B situated below the summer thermocline 
(cf. Fig. 4) (AV—VI and B III) 
bare underwater bank of line B with stones (B IV—V) 
shallow stony bottom of line C with mats of green algae (C II) 
even stony slope of line C with tufts of Furus (C III—VIII) 
bare sandy bottom of line C (C IX). 
The temperatures of the water at three depths on the lines are presented in Fig. 4. The 
deeper parts of lines A and B were characterized by relatively low temperatures in the bottom 
water, especially in May—June and by a sharp thermocline at a depth of ca. 5-7 m throughout 
the summer, while on line C the bottom water was warmed up over 10° C as early as in the 
beginning of June and no permanent thermocline could be detected. Compared with those of 
preceding years (Bagge & Niemi 1971) the temperatures of the water were exeptionally high in 
1972 and the cooling of the surface water in autumn was slow. 
The Secchi disc values ranged from 175 to 490 cm in Hästholmsfjärd and from 165 to 
480 cm in I-Iudöfjiird, the lowest values being observed in May. 
Preliminary investigations on the fish fauna of the study area were made by a consultative 
engineering bureau, Oy Vesi-Hydro Ab, in the six seasons of 1971-73. A series of 10 nets 
(mesh sizes 12, 17, 20, 25, 27, 35, 40, 45, 60 and 75 mm) was used in the test fishings. The 
numbers of the commonest fish species caught during the fishings are presented in Table 1. 
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Fig. 3. Depth profiles of the lines and zones 
distinguished on them. The zones are as 
follows: Line A: I Phragnrites zone, TI 
Stones in gravel, III Stones in gravel, on 
the stones abundant small-sized Fucus, TV 
Stones in gravel, rocky wall, V Clay and silt, 
VI Sandy clay. Line B: I Big blocks and 
stones, II Stony slope with big blocks in 
gravel. The slope turns into silt with gravel 
and stones, III Clay and silt, IV Rocky 
wall, V Increasing amounts of gravel and 
stones on the rock. Line C: I Rocky shore, 
II Stones in gravel, on the stones abundant 
green algae, III Stones in sand-gravel, on 
the stones sparsely Fucres, IV Densely of 
stones on the stones Facits, V Sand-gravel 
with scattered stones. VI Silt-gravel with 
stones, on the stones sparsely Fatas, VII 
Large block of stone with abundant Ft teis, 
VIII Stones in gravel, on the stones sparsely 
Focus, IX Fine sand and gravel with spots 
of bacterial growth. 
On the basis of interviews with the people fishing in Hiistholmsfjärd, Salo (1973) estimated 
the total catch of fish in this basin at ca. 22 tons/year. The most important species were herring 
(9 tons), sprat (5 tons), perch (3 tons), burbot (2.6 tons), pike (1 ton) and pike-perch (ca. 0.5 
tons/year). 
TABLE 1. Number of specimens of the commonest fish species caught in the test fishings 
with a series of 10 nets at eight localities in the study area in 1971-73 (Oy Vesi-Hydro Ab, 
1972 and 1973) 
Species 
July 
1971 
Sept. 
1971 
Febr. 
1972 
July 
1972 
Nov. 
1972 
Fcbr.-  
\(arch 
1973 
Baltic herring, 	Clnpea harangue .......... 345 134 	11 305 28 7 
spear, C n ea ~ raUnl P 	p 	p 	.................. 0 312 5 I 	4 0 5 
whitefish, 	Coregoronr lavare/us 	.......... 17 11 	15 11 5 19 
cisco, 	Coregonns 	albida 	................. 112 18 23 89 34 102 
smelt, 	Osmerns 	eperlanus 	............... 171 63 	435 112 151 574 
pike, 	Esox 	hicius 	..................... 12 18 	! 	10 9 12 10 
bream, Abramis brama 	................ 9 61 8 36 52 19 
white bream, Blicca 	bjoerkna 	........... 154 282 	67 111 155 70 
roach, 	Riili1,,s 	rutihis 	.................. 714 827 	252 492 718 328 
burbot, 	Lola 	Iota 	..................... 6 4 15  5 26 19 
ruff, 	Acerfjm 	ceTumm 	.................... 551 572 	I 	412 535 210 343 
pike-perch, 	Lucioperca bicioperea 	........ 11 43 29 I 	35 18 28 
perch, 	Perce fhiuialilis 	................. 512 1 403 	348 845 506 210 
fouthorn sculpin, iT!yoXocepha!/U q/lrYtol'iits 50 63 66 56 48 99 
Total catch (specimens) 2 681 3 835 1 701 2 681 1 967 1 835 
Total catch (kg) 103 172 109 140 138 96 
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Fig. 4. Temperatures of the water at three depths in the lines. 
RESULTS 
The occurrence of fish in different parts of the census lines during the dives is 
presented in Table 2. The most abundant species on the lines was the perch 
(Percy fluviatilis) which made up 62 % of all the individuals observed on line C, 
and 69 and 76 % on lines A and B. The number of perch observed fluctuated 
considerably in different parts of the lines during the study period. In May—
June, the number of individuals was low and the resting sites of the perch were 
mainly situated in the shallowest parts of the lines. On line C, the maximum 
occurrence of perch was observed in August, when they were fairly evenly distri-
buted in the Fucus biotope. In October, the majority of the individuals occurred 
in the deeper part of this biotope and on the bare sandy bottom. On the steep 
slopes of lines A and B the number of perch increased at the end of August, but 
their maximum density was not observed until September. In autumn perch 
occurred abundantly on the deep bare bottoms too. The resting sites were usually 
on or between the stones. The individuals seemed to have some kind of resting 
territory and were fairly evenly distributed (cf. Sumari 1963). When resting in 
Focus bushes, the fish kept their caudal part inside the bush. 
The roach (Rutilus rutilus) was especially abundant on line C, where it consti-
tuted 24 % of all the individuals recorded; on lines A and B the corresponding 
values were 17 and 7 %. Roach were usually found in larger groups than perch, 
occurring farther from the bottom and moving more easily in the beam of light. 
Thus their exact number was difficult to determine in some cases. The seasonal 
changes in the occurrence of roach were very similar to those of perch, but no 
clear migration into deeper water in autumn was observed. On line C, the species 
was abundant in the uppermost parts of the line in July, but in August, when 
the maximum occurrence was observed, the individuals were fairly evenly distri-
buted in the Fucus biotope. On line A, the maximum occurrence of roach was not 
observed until September. 
The ruff (Acerina cernun,) made up ca. 11 % of all the fish individuals obser-
ved on the lines. On lines A and B, ruff occurred mainly on deep bare bottoms. 
TABLE 2. Occurrence of fish in different parts of the census lines 
Line A 
Biotopes 	 1. steep slope 	 2. 	deep bare silt and clay bottom 
Zoncs II 	11I 	Iv V 	V( 
9 	fi 	E 	E 	E 	E 	8 	6 	E 	E 	E 	E 	E 	5 	E 	8 	c 	E 	E 
Distance from the sborcline 	N 	N 	M 	v _ o 0 o n v r 
fl 	OUOUOfl 	0 	1 	OflOVOflOflON  
Date 	Timc 	I Linc AVidth 
N 	N 	tfl 	M 	't W 
(ni) 
5. 72 	 22.00-22.30 12 x 0.6 in 
tlot. 	.......................... 	- 	- 	- 	- 	- 	- 	- 	- 1 
. 	5. 72 	22.00-22.30 ~ 	2 X 0.8 	m 
:a 	fluviatilis 	..................... 	- 	1 	- 	- 
S. 72 ~ 22.30-22.50 ~ 	2 X 1.0 	in 
lus 	rutilus 	...................... 	1 - 
rins cem- 	..................... 	- 	- 	- 	- 	- 	- 	- 	_ 	- 	- 	- 	_ 	_ 	- 	- 	1 	- 	- 	-  
. 	6. 72 ~ 22.30-22.45 ~ 	2 x 1.0 	ni 
rinn cemul 	..................... 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	1 	- 	- 	- 	- a fluviatilis ..................... 	2 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
. 	6. 72 ~ 22.30-22.45 ~ 	2 x 1.0 	in 
rinn eernua 	..................... 	- 	1 	- 	1 	- 	- 	- 	- 	1 - 
. 	6. 72 ~ 23.30-23.45 	2 x I.0 	m 
rinn cernun 	..................... 	- 	- 	1 	- 	- 	- 	- 	- 	- 	_" 	- 	- 	- 	_ 	- 	_ 	- 	1 :a 	fluviatilis 	..................... 	2 	- 	- 
. 	6. 72 ~ 23.30-23.45 ~ 	2 x 	LO 	in 
rine cernua 	..................... 	_ 	- 	- 	- 	- 	- 	- 	- 	1 - ra 	fluviatilis 	..................... 	- 	- 	2 	- 
 7. 72 ~ 23.30-23.45 ~ 	2 x 	1.0 	rn 
ilasrutilus 	...................... 	2
uillnanguilla 	...................-1
rinncernun 	.....................- 	- 	- 	---- 	---- 	7 
7. 72~ 23.00-23.15 	2 x 1.0 	m
rinacermla 	.....................- 	--- 	------ 	1 	- 	- 	1
afluviatilis 	.....................3 	1 -
. 	7. 72 ~ 23.00-23.20 ~ 	2 x 1.0 	m 
vinacernua 	..................... 	--------.--- 	2 
afluviatilis 	..................... 	4 	4  
8. 72 ~ 	23.00-23.30 ~ 	2 	x 	LO 	m
Iusrutius 	...................... 	5 	6
rinaccrnua 	..................... 	1 	--1 - 	- 	- 	- 	- 	_ 	- 
:a 	fluviatilis 	..................... 	- 	1 	3 	- 	- 	- 	- 	- 	- 	- 
. 	8. 72 ~ 22.40-23.15 	2 x 1.0 	m 
arvis brama ..................... 	_ 	- 	_ 	_ 	- 	1 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- ilus 	runlus 	...................... 	2 	- 
 ..................... 	---1 	-1 - a lluviatilis 	..................... 	18 	8 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	-- 	- 
:us Bobio 	....................... 	2 	- 	- 	- 	- 	- 	- 	- 	- 
8. 72 	00.20-00.40 	2 x 1.0 	in 
amin bra ma ..................... 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	1 	- 	- 	- 	- 	- 	- 	- 	- ilus 	rutilus 	...................... 	6 	- 	I - - - - - - - - - - - - - - - - 
rinn cernun 	..................... 	- 	- 	5 	- 	- 	1 	1 	_---  a 	fluriatilis 	..................... 	8 	15 	32
iatoschistusminutos 	............. 	-- 	- 	---1 	- 	- 	-- 	- 	- 	l 	- 	- 	- 	- 	-  
:us Bobio ..... _ ................ 	- 	- 	2 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
9. 72 I 20,00-20.30 	2 Y. 1.0 	in 
amin 	brama 	..................... 	- 	- 	- 	1  
ilus 	rutilus 	...................... 	4 	18 	1 	- 	- 	1 	- 	-  
tin:r 	Ccrnun 	..................... 	- 	- 	- 	- 	2 	2 - :i fluviatilis 	..................... 	5 	20 	20 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	'-  
mtoscbistus ininulus ............. 	- 	- 	- 	1 	1 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
. 10. 72 	21.00-21.30 I 	2 X 	1.0 	in ilus rutit us ...................... 	2 	2 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	-  :a 	fluviaulis 	..................... 	l5 	16 	5 	2 	5 	5 	- 	1 	- 	1 	5 	1 	1 	- 	- 	- 	- 	- 	-  
iniosehisius 	minutur 	............. 	-  
2` 
Lot 
3( 
Per 
31 
Rw 
Au 
Act 
Pcr 
Act 
21 
Au 
Per 
2; 
Act 
Per 
Rui 
An 
Act 
1! 
Ac, 
Per 
2] 
Act 
Per 
Rui 
Au 
Pct 
2; 
Ab 
Run 
.Act 
Per 
COI 
3 
Ab 
Ru 
Ac' 
Pcr 
Poi 
Coi 
2i 
Ab 
Ru 
Ac, 
Per 
Poi 
3 
Ru 
Pc t 
Po, 
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TABLE 2. (continued) 
Lic B 
3. underwater 
Biotoper 1. steep slope 2. 	deep 	bare 	silt 	and 	clay 	bottom bank 
Zones I1 III IV V 
B£ 	E E B£ B E E£ 5 B B 8 B a e B E 
Distance from tbc shoreline 
0 
('I 
CI 
(fl 
eq 
N 
tfl 
0 
0 
a 
C1 
o [n 
0 
 
C 
r - CO 
Date Time Line Width 
(m) 
25. 	5. 72 l 22.30-23.00 1 	2 x 0.6 	m 
Rutilus 	rutilus 	...................... - - - - - - - - - - - - I - - - - 
Acerina 	cernun 	..................... - - - - 2 - - - - - I - - - - I - - - 
Perca 	flummilis 	..................... __ - - - - - - - - - 1 - - - 7 - - - 
30. 	5. 72 	22.30-23.00 1 2 x 0.8 	t 
Acerinacernun 	..................... - - 1  1 1 I 1 
Percafluviatilis 	..................... - 1 - - - - - - - - - - - - - - - - 1 
31. 	5. 72 	22.50-23.15 	2 x 	1.0 	m 
- 
7. 	6. 72 	22.45-23.5 	2 x 1.0 	m 
Acerinacernui 	..................... - - - - - - - .- - - - - - - - 1 1 - - 
Pcrcafluviatilis 	..................... 1 - - - - - - -- - - - - - - - 1 - - - 
13. 	6. 72 	22.45-23.10 	2 x 1.0 	m 
IotaIota 	.......................... - - - - - - - - - - I - 
Pereafluviatilis 	..................... - 1 - 
21. 	6. 72 	23.55-00.15 1 	2 x 1.0 	m 
Acerinncernua 	..................... 1 - - - - - - - - - - - - - - 3 - I - 
Pcrca 	Auviatilis 	..................... 9  - 
27. 	6. 72 	23.50-00.20 ~ 	2 x 1.0 	n, 
Phoxinuspboxinus 	.................. - - 1 
decrina 	ccrnua 	..................... - 1 I - - - - - - - 1 - - 1 1 1 1 - - 
Percafluviatilis 	.....................1 - - - - - - - - - - - - - - - - - 1 
Zoareesviviparus 	................... - - - - - - - -- - - - - - - 1 -- - 
5. 	7. 72 1 23.45-00.15 	2 x 1.0 	m 
Rutilusrutilus 	...................... - 
Acerinacernua 	..................... - - 1 - - - - - - - - - - - - 5 - - - 
Pereafluviatilis 	..................... 2 6 2 - - - - - - - - - - - - - - 1 3 
19. 	7. 72 	23.15-23.45 	2 x 1.0 	n, 
Acerinacernua 	..................... - 1 - - - - - - - - 3 
27. 	7. 72 	23.20-23.50 12 x 	1.0 	m 
Rutilusrutilus 	...................... - - l - 
Aeerinaccrnua 	..................... - - - - - - l - - - - - - - - 2 - - - 
Percafluviatilis 	..................... - 4 3 - - 
3. 	8. 72 	23.30-2400 	2 x 1.0 	n, 
Antilus rutilus 	...................... 6 3 2 - - - - - - - - - - - - - - 2 - 
Accrina 	cernua 	..................... - - - - - - - - - - - - - 1 I 1 4 - - 
Percn 	fluviatilis 	..................... 6 8 8 - 6 11 9 
Znarcesuivipnus 	................... - - 1 l 
23. 	8. 72 	23.15-2.00 	2 x 	1.0 	m 
Acerincccrnua 	..................... - - - 1 - - - - - 1 - - - - 1 2 - - 1 
Pereannv~iatilis 	..................... 11 26 1 - - - - - - - - - - - - - - 2 4 
Cottus 	gobio 	....................... - - - - - - - - - - - - - - 1 - 2 1 2 
Zoarces 	viviparus 	................... - - - - - - - - - - - - - - 1 - - - - 
31. 	S. 72 	100.40-01.10 	2 x 1.0 	m 
Rutilus 	runlus 	...................... 1 3 - - - - - - - - - - - - - - - - - 
Acerinn 	cernua 	..................... - - - - - - - - - - - - - - l 1 2 - 3 
Perca 	fluviatilis 	..................... 10 11 5 11 - 2 17 7 11 
26. 	9. 72 	20.30-21.00 	2 x 1.0 m 
Abramis bräma 	..................... - - - - - - - - I - l 1 - - 5 3 - - - 
Rutilus 	rutilus 	...................... 4 - 3 - 
Accrinaecrnua 	..................... - - - - 2 1 - 
Perca 	fluviatilis 	..................... 9 I8 13 13 8 2 - 5 4 l 8 
Pomatoschistus mimrus 	............. - - - - - - - - - - 2 - - - - 
31. 10. 72 ~ 21.25-22.00 	2 x 	1.0 	m 
Rutilus 	rotilus 	...................... - - - - - - - - - - - - - - - 3 - 2 
Aeerina ccrnua - - . - - 1 - l - 1 1 - 1 2 1 - - - - 
Perca 	Hu,iatilis 	.................... 3 16 23 I 	7 5 4 2 - 1 - , - - - 3 10 1 ,1 6 5 
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TABLE 2. (continued) 
Lin, C 
4. shallow 6. bare 
Biotopes biotope 5. gently sloping Films biotope bottom 
Zones 11 111 
E 	E£ 
IV 
E£ 
V VI Vii Vill IS 
E E£ fi fi c 9 8 d 5£ E 9 E 
Distance (rom the shoreline N N 	M  .O r r CO CO c c\ o 
Date Time Line Width 
(m) 
i 7. 	6. 72 123.30-24.00 	2 x 	1.0 	m 
Abramis 	brama 	..... 	.. 	.. 	.. 	.. 	.. 	...... - - 1 - - - - - - - - - - - - - - - - 
Acerina 	ccrnua 	..... 	.. 	.... 	.. 	.. 	...... - - - I - 1 
Pccfluvitilis 	....................1 7 1 - I 
3. 	6. 72 ~ 00.15-01.00 ~ 	2 x 1.0 	m 
Phoxinusphoeinus 	.................. - - - - - - - - - - 1 
Rutiles 	rutilus 	...................... 2 - 
Acetinacernue 	..................... - - - - - - - - - 1 - - - - - - - - 2 
Pcrce 	flurintilis 	..................... - - 5 5 3 - I 1 - I 
21. 	6. 72~ 00.30-01.15 	2x 	1.0 	m 
Acerinacernua 	..................... - - - - - - - I - 1 
Pcrfluviatilis 	..................... 10 10 - 3 2 - - - - -- - - 6 
27. 	6. 72 100.30-01.10 ~ 	2 x 	1.0 	et 
Esoelucius 	........................ - - - - - - - - - - - I 
Phoxinus 	phocinus 	.................. 20  - 
Acerinaterms. 	..................... - - 1 - - - 1 - - - 1 - - 1 - 2 - 3 
Permfluvietilis 	..................... I - - - - - - - - - - 1 1 1 - 1 - - - 
5. 	7. 72 ~ 00.20-01.15 ~ 	2 )< 	1.0 	te 
Accrinacernun 	..................... - - - - - - - - - 
Percyflugiltilis 	..................... - - - 1 - - - - - - - 1 -- - - - - - 2 
19. 	7. 72 1 24.00-01.00 ~ 	2 x 	1.0 	m 
Rutilosrxtilus 	...................... 4 4 5 2 2 3 - - 
Aeerinacemug 	..................... - - - - - - 1 - - - 2 - 2 2 - -. - 
Perca 	fluviatilis 	..................... 1 5 l 10 7 8 7 - 
27. 	7. 72 	21.45-22.10 ~ 	2 x 2.0 	m 
Rutilusrutilus 	...................... - I 1 5 - - i 
Anguillaanguilla 	................... 1 
Acerina 	cemua 	..................... - 1 - - - - 2 5 - 5 2 1 4 3 - - - 
Percn 	Fluvietilis..................... - 5 7 9 7 10 4 - - - - 1 2 2 
Zoarccsvivipiros 	................... - - 
3. 	8. 72 122.00-22.50 ~ 	2 x 2.0 	te 
Alburnus 	alburnus 	.................. - - - 1 
Rutils 	retilus 	...................... - - 1 2 1 2 - 3 4 1 5 14 4 2 - - - - - 
Acerina 	ecrmss 	..................... - - - - - - - - - - 2 - - - 2 1 2 1 
Pcrca 	fluviatiIis 	..................... 2 6 7 18 12 15 14 16 11 15 21 28 10 9 1 2 - - - 
21. 	8. 72 121.00-22.00 ~ 	2 x 	1.0 	m 
Abramis 	bra ma 	..................... - - - - - - - - - 1 - - 
Rutilus 	retilus 	...................... - - - - 8 6 6 5 2 3 9 5 5 - - -- - - 
Aceriee 	ccrnua 	..................... - - - - - - - - - - - 1 - - I 2 2 2 
Perca 	uluviatilis 	..................... - - - - - 9 7 8 5 7 2 2 5 5 1 - - - - 
29. 	8. 72 ~ 23.00-00.20 	2 x 1.0 	m 
Esxs 	iucius 	........................ - - - - - I - - - - - - - - - - - - 
Rutilus 	rutilus 	...................... 2 - 3 19 5 3 10 4 9 10 - 7 4 4 2 - - - - 
LotaIota 	.......................... - - - - - - - - - - - - - - I - - - - 
Acerina 	cernua 	..................... - - - - - - - - - - - - - - - 1 2 - 
Perce 	fluvietilis 	..................... 2 - 3 6 - 1 2 4 1 3 3 2 6 1  2 - - I - 
26. 	9. 72 1 22,00-23.00 	2 x 	1.0 	te 
Rutilus 	rutilus 	...................... - - - 3 - - - 1 -- I - - 1- 2 - - - 
Acerina 	cetece 	..................... - - - - - - - 1 1- 1 -- 1 - - 1 2 -  
Perca 	fluvietilis 	..................... - 1 2 1 1 I 4 3 5 3 1 4 4 3 -- 2- 2 
Cotter 	gobio 	....................... 1 - - - - - - - - - - - - - - - - - -  
31. 10. 72 ~ 20.10-20,50 ~ 	2 x 	1.0 	m 
Rutilus 	rutilus 	...................... - - - - - - - - - - - - - - - - - -  
t 	cenna 	corona 	... 	........ 	.. 	........ - - - - - - - - - 2 - - - - 4 2 1 - 1 
Perca 	Jlevietilis 	..................... - -- 1 - - -- 4 2 2 6 4 4 5 7 8 8 5 
Cottus 	gobio 	....................... - 1 - - - - - - - - - - - - - - - - - 
ind/are 
180 
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June 	July 	Aug. 	Sept. 	Oct. 
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Fig. 5. Density of fish calculated for the different biotopes and the whole lines. 
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On line C, several individuals were also observed in the relatively shallow Fucus 
biotope in July—August. 
The occurrence of other species on the lines was rather occasional. Of these 
the burbot (Lola Iota) and the eel-pout (Zoarces viviparus) were mainly found on 
deep bare bottoms and in the lowermost parts of the slopes. The pike (Esox 
lucius) and the eel (Anguilla anguilla) were found nearer the shore in the algal 
biotope. The first eels were observed in July. They lay hidden in the carpets of 
algae with only their heads exposed. The bream (Abramis brama) occurred in 
shallow water in early summer, but in August—September several specimens 
were oberved on deep bare bottoms. 
The weather conditions seemed to influence the behaviour of the fish in their 
resting grounds. Usually most of the species (except roach) were in deep rest on 
the bottom, even allowing the diver to touch them. After a heavy SW storm on 
August 3 and during a thunder storm on August 22, when lightning could be 
seen clearly under the water, the fish were more restless than normal, moving 
around with quick rushes. The count made on line C on August 22 gave unusually 
high densities, but since the exact numbers of fish were impossible to determine 
owing to their lively movements, this count is excluded from Table 2. During 
this dive several large perch and pike-perch were observed in the Fucus biotope 
on line C. 
The density of fish on their resting grounds during the dives is presented in 
Fig. 5. Owing to several sources of error in the method used (see discussion), 
the values given in the figure are only rough estimates. As is seen in the figure, 
marked seasonal fluctuations occurred in the total densities of fish in the main 
biotopes. Thus in June—July their density was highest in the shallow biotope 
of green algae (maximum 73 ind/are). At the end of July, their density began to 
rise rapidly on the stony slopes of the lines. In the gently sloping Fucus biotope 
the densities were highest in August, but had already decreased by the end of 
September. In the steep slopes, the densities were especially high at the end of 
August and in September (maximum 173 ind/are) and did not decrease untill 
October. At the same time as the densities decreased in autumn in the shallow 
biotopes, they clearly increased on deep bare bottoms. 
The densities recorded for the whole lines are presented in the lowermost 
curves. The maximum value of line C was 71 ind/are; those of lines A and B 
were 40 and 59 ind/are, respectively. 
DISCUSSION 
REMARKS ON THE RESULTS 
Most of the species observed on the census lines are euryhaline freshwater 
species. The brackish water and marine species are represented in the material only 
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by Ponsotoschistus minutus and Zoarces viviparus. Truly pelagic species, such as 
sprat and herring, were never observed on the lines, although they are econo-
mically the most important species in the study area (cf. Salo 1973). The most 
abundant species observed during the dives were perch, roach and ruff, which 
together made up 96 % of all the individuals recorded. The benthic occurrence of 
these species, especially at night, explains their abundance in the census material. 
These species also dominated in the net material collected by Oy Vesi-Hydro Ab 
( 1972 and 1973 ) in the study area (cf. Table 1) . On the census lines of the 
Tvärminne area also, perch was the most abundant species and other species were 
observed only occasionally (Sumari 1963) . 
Pronounced seasonal fluctuations occurred in the densities of fish in the various 
biotopes (Fig. 5) . As mentioned before, the horizontal visibility was poor in early 
summer. This may partly explain the small densities of fish recorded during that 
time. Nevertheless, a strong increase in the densities was evident in August—
September. 
Onshore — offshore movement during the study period was seen most clearly 
in the perch population, but was less apparent among the roach. The occurrence 
of most fish species in shallow water in spring and summer (cf. Table 2) certainly 
depends on several factors, such as temperature, shelter, suitable spawning grounds 
and a greater amount and diversity of food organisms than on deep bare bottoms. 
Thus the movements of most fish species into shallow water in spring and summer 
can be considered typical feeding and spawning migrations (cf. Nikolsky 1963) . 
When the fish densities increase in shallow water in summer, competition for food 
and probably also for suitable resting sites may become density-limiting factors, 
thus leading to greater dispersal of the individuals, especially of perch, which seem 
to occupy some kind of territory when resting on the bottom. 
On lines A and B, a sharp summer thermocline at depths of 5-7 in probably 
hindered the downward movement of fish in summer, so that a marked deep-water 
occurrence of perch and bream was not evident until the temperature of the water 
column became uniform in autumn. The downward movement of these species in 
autumn may be considered an over-wintering migration. Such migrations seem to be 
common among semimigratory freshwater species (cf. Nilcolsky 1963) . Sjöblom 
(1961) and Westin (1970) regard temperature as one of the main factors 
controlling migrations. 
The densities of fish resting on or near the bottom were higher in the Loviisa 
area in August than the corresponding values from the Tvärminne area (Sumari 
1963). For example, the densities of perch ranged from 2 to 6 id/are in Tvär-
minne, while the averages for the lines in August in Loviisa were 2 to 49 ind/are 
and the maximum densities calculated for the separate biotopes ranged from 2 to 
115 ind/are. The great differences in densities between the areas are probably due 
to differences in the biotopes and in the method of estimation. 
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REMARKS ON THE METHODS 
The line census method used by us is useful only in evaluating the density of 
fish dwelling close to the bottom. Thus the amount of species observed is limited 
and many of the commonest pelagic and large-sized fish of economic value are not 
recorded. Nor is the method suitable on its own for the study of biomasses, 
because the visual estimation of biomasses is too inaccurate. 
The method takes advantage of the resting behaviour of some fish at night. 
When resting, the fish do not attempt to swim away from the powerful light of 
the underwater torch and the noise of the SCUBA: they are probably paralysed by 
the strong light. Thus the diver can easily come very close to them. Only a sudden 
movement by the diver causes them to flee. In daytime the fish are sensitive and 
escape much more easily. The main advantages of the method are: 
— the amount of fish per unit area can be evaluated directly and totally 
without disturbing the biotopes and populations, 
— it is possible to observe the fish and their behaviour in their natural ha-
bitats, 
— records can also be made on uneven and vegetation-rich bottoms, where 
netting and trapping of fish is often very difficult, 
— small individuals are also noted during the dives, though they are usually 
overlooked with the other methods. 
However, the numbers of small fish are easily underestimated, since they are 
difficult to detect in turbid conditions. 
On the basis of experience obtained in the field work, we recommend some 
practical improvements to the method: 
The underwater note-making with wax-pencils was very time-consuming and 
awkward and limited the number of observations that could be made; thus only 
the number of individuals could be recorded. In order to facilitate note-making, 
an underwater telephone was tested. This enabled the diver to dictate his obser-
vations to a tape-recorder following in the boat, and speeded up the work consi-
derably. 
The records are more accurate when the diver proceeds from the open sea 
towards the shoreline, because it is easier for him to observe the fish as he 
ascends. The ventral side of fish is also more conspicuous than the dark dorsal 
side. It would probably also be better to use squares enclosing a certain homo-
geneous bottom area instead of rope lines, since the lines often traverse very 
heterogenous bottoms and the exact area of the censuses is difficult to evaluate. 
SUMMARY 
The species composition and density of fish were investigated during regular 
dives with the SCUBA equipment, in the archipelago of Loviisa, in May—Octo- 
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ber 1972. The dives were made along three permanent 100-m census lines situated 
east and west of the island Hästholm. The method used was suitable only for 
evaluating the occurrence of fish resting near or on the bottom at night. Of the 12 
species observed, the freshwater fish perch, roach and ruff were most abundant 
and together made up 96 % of all the individuals observed. The same species also 
dominated in the net material collected in the study area. Pronounced seasonal 
fluctuations were found in the occurrence of the dominant species in the various 
biotopes. In May—July, the numbers of perch and roach were low, and most 
of the individuals were observed in the shallowest parts of the lines, while ruff 
mainly occurred deeper on bare bottoms. At the end of July, the density of the 
species began to rise rapidly on the stony slopes of lines. In the gently sloping 
Fucus biotope, the densities were highest in August, but had already decreased by 
the end of September. In the steep slopes the densities were especially high at the 
end of August and in September and did not decreased until October. In autumn, 
the number of roach sank, but perch and ruff occured abundantly in the lower-
most parts of the slopes and on deep bare bottoms. 
The ranges of densities calculated as ind/are during different periods in the 
main biotopes of the areas are given in Table 3. 
TABLE 3. The ranges of densities calculated as ind/are during different periods in the main biotopes 
of the areas 
IIiotopcs 	 I 	May 	1 	lune 	I 	July 	I 	August I  Scptcmbcr I Octobcr 
Steep 	stony 	slopes 	with 
weak algal vegetation .... 0— 6 2-17 2-27 53-230 117-227 90-133 
Deep bate silt and clay bot- 
tom below summer ther- 
mocline 	............... 0— 7 0— 4 0— 1 1— 	6 5— 16 14— 18 
Bare underwater bank with 
stones 	................. 0-16 0-10 0-23 35-108 63 100 
Shallow stony bottom rich 
in 	green 	algae 	......... — 23-73 0-67 0— 33 13 3 
Gently sloping Focus biotope — 1— 9 1-33 76— 86 32 38 
Bare sandy bottom on line C — 0-15 0-15 3— 15 20 70 
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DIATOMS IN SLTRFACE SEDIMENT FROM DEEP BASINS 
IN THE BALTIC PROPER AND THE GULF OF FINLAND 
Guy Hällfors' and Åke Niemi 
Institute of Marine Research, 00141 Helsinki, Finland 
Diatoms were counted on samples from the uppermost layer of the sediment 
(the lillu). The distribution of different ecological groups in relation to 
salinity, and of planktonic and littoral taxa was examined. The results 
suggest that the sedimentation of the diatoms is mainly local and that large-
scale lateral transport by currents, especially inflowing saline deep water, 
is of minor significance. 
The present investigation is part of a project of the Institute of Marine Re-
search, Helsinki, which aims at ascertaining the origin of the organic load sedimen-
ting in the deep basins of the Baltic Sea. In this study the diatoms in the surface 
sediment have been investigated. Sampling was performed on board R/V Aranda 
at the end of July and the beginning of August in 1974. A similar investigation 
was performed by Mölder (1962) in 1958. 
STUDY AREA, MATERIAL AND METHODS 
Samples were taken from 16 stations located between the headward part of the Gulf of 
Finland and the waters west of Bornholm (Fig. 1). The sampling dates and depths, and the 
salinity of the surface water (mean of 0-10 m) and the near-bottom water at the sampling 
stations are presented at the top of Table 1. 
Material was collected with a Niemistö core sampler (Niemistö 1974). The undisturbed 
uppermost c. 2 mm of the 2-5 mm thick surface layer, which had not undergone diagenesis 
(i.e. the so-called lillu layer according to Dr. Heikki Ignatius, Geological Survey of Finland), 
was drawn off with an injection syringe. The lillu is supposed to contain the material sedimented 
during one growing season. 
The organic material was oxidized with concd oxygen peroxide at 50° C for 24 hours. 
The diatoms were washed with distilled water and embedded in hyrax (cf. Mölder & Tynni 1966). 
The percentages of the diatom species in each sample was obtained by counting at least 200 
valves, using a 100 fluotar phase contrast (Wild) objective. In addition, each slide was surveyed 
under a lower magnification in order to detect large and sparsely occurring species (given as 
+ in Table 1). Fragments larger than half a valve were counted as one. 
' 	Present address: Department of Botany. University of Helsinki, Unioninkatu 44, 00170 
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The diatom species diversity (based on percentages of diatom taxa) was calculated for each 
sample using the Shannon-Wiener function based on natural logarithms (cf. e.g. Pielou 1966). 
The calculation of the percentages of marine (M), brackish-water (B), fresh- and brackish-
water (FB) and freshwater (F) taxa in the samples was essentially based on Mölder's (1962) 
system, with some additions and minor alterations. In addition, the percentages of planktonic 
(P) and littoral (L) taxa were assessed. 
RESULTS 
The results are presented in Table 1. The species diversity (at the bottom of 
Table 1) increased from the headward region of the Gulf of Finland to the 
northern Baltic proper. This was mainly caused by the decrease in dominance of 
Achnanthes taeniata. The diversity decreased from the central Baltic proper (F 80) 
to the Gulf of Gdansk (BCS III 10), owing to a general increase in the com-
bined percentages of Chaetoceros sp., Skeletonema costatum and Thalassiasira sp. 
The diversity increased again in the Bornholm Sea and reached the maximum value 
at By 2 a in the Arkona Sea. This was caused by a more even percentage distri- 
o  
IY 
SUS 
oQ 	s.v 	
l 
~: 
` 	
1L15•,2'
.. 	 ~ 
e  
~{L 
LL19v '✓  
	
  k , 	. . 
Qi 	 f~~t! 5rN . -i- 	 - 	...~~.J !; F0it  ~z : :., I Ste i 	 + S ) 	Y 	i 
J\:' 	o 
I 	 .  ~ S•~~i i J%7fc./
O j t 	 1 
BCSItl2, 	)' 
, 	DBSi -._ 	•BC,S lu 10 
f, vj •115/--_Q---~i 	~'i By 2a 	/ 	DBS 2 ~, 
,✓ 	• ~-~~ ~,  
HBP 
25E 
Fig. 1. Map of the study area showing the location of the sampling stations. Isobaths: 
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Fig. 2. The percentages of marine (NI), 
brackish-water (B), fresh- and brackish- 
w~water (FB) and freshwater taxa (bottom) 
in the samples studied. Samples from the 
Gulf of Finland at the left, samples from 
the southern Baltic at the right. 
bution and an increase in the number of taxa, mainly those of marine and littoral 
origin. The same general trends were found in the diversity values calculated on 
the basis of data given by Mölder (1962) . 
The percentage distribution of the different ecological groups ( Fig. 2) shows 
the following trends: 
— In the Gulf of Finland and the northern Baltic proper, the brackish-water 
taxa were dominant. 
— In the southern Baltic proper; off the Polish and German coast (BCS III 
10 — HBP 136), the marine element was dominant. 
— In the Bornholm Sea, the percentage of the marine taxa decreased towards 
the north and west (HBP 136 — HBP 213 ), while that of the brackish-
water taxa increased correspondingly. 
— The fresh- and brackish-water taxa, and freshwater taxa were fairly evenly 
represented, with occasional peaks. However, a slight increase occurred in 
the Bornholm Sea towards the north and west. 
The correlations of the salinity groups with (a) the salinity of the surface 
water ( mean of 0-10 m) and (b) the salinity of the near-bottom water were 
calculated. The percentage of the marine taxa correlated considerably better with 
the salinity of the surface water (p < 0.05) than with the salinity of the near-
bottom water (p > 0.1). The brackish-water taxa had an almost identical but 
negative correlation. 
Some of the samples contained a considerable proportion of littoral taxa (up 
to 10.5 % ) . Of these, Dialoma elongat-um is an especially important constituent 
of the coastal phytoplankton (cf. Mölder 1962), occurring in the Gulf of Finland 
but not in the open Baltic proper. Other more typically littoral species, e.g. Epi-
themia lurgida, Opephora martyi, Synedra tabulata and Coccoi2eis spp., were found 
sparsely but evenly distributed all over the area studied, in the bottom samples, 
and in net plankton samples as well (Hällfors & Niemi, unpubl.). 
10 12339-75 
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The littoral taxa occurred relatively more sparsely in the central Baltic proper 
than in the Gulf of Finland and around Bornholm. The correlation of the per-
centage of littoral taxa in the lillu with the distance to the nearest land was not 
significant (p > 0.1), but a slight negative correlation was found with the 
distance to land multiplied by depth (p < 0.1), and a significant negative corre-
lation with depth (p < 0.05). 
DISCUSSION 
The results indicate that the diatoms of the lillu mainly originate from local 
sedimentation, rather than from transport by movements of Baltic deep water. The 
following facts support this supposition. 
( 1  ) The percentages of marine and brackish-water taxa correlated better with 
the surface salinity than with the salinity of the near-bottom water. 
(2) In the Bornholm Sea the percentage of the marine taxa decreased towards 
the north and west, i.e. in a direction contrary to that of the inflowing saline deep 
water, but the percentages of the brackish-water and fresh- and brackish-water taxa 
increased northwards where the influence of the Baltic surface outflow is more 
apparent. 
(3) The sparse occurrence of littoral taxa in the deep central Baltic suggests 
that relatively small amounts of littoral diatoms are transported from the coastal 
zone towards the open sea. 
(4) The occurrences of diatoms belonging to the plankton of more marine 
areas than the sampling locality could not be clearly demonstrated. 
The diatom species diversity in Mölder's material showed the same trends as 
in the present study, but the values were about 40 per cent higher. This is pro-
bably caused by differences in the sampling methods. Only the lillu was sampled 
in the present study, whereas Mölder probably sampled a thicker layer of the 
sediment surface, which represented many years' sedimentation, 
Several taxa dominant in our material, e.g. Sk eletonera costatum, Chaetoceros 
spp. and Cyclotella caspia (in Mölder probably C. kiitzingiona), were lacking or 
sparse in Möldet's material. This is apparently attributable to the dissolution of the 
weakly silicified species in the sediment below the lillu layer. Even in our samples 
of the lillu, the frustules were sometimes so eroded that it was difficult to re-
cognize them. This may be responsible for the lack or sparse occurrence of Skele-
tonema costa/urn in the samples from the northern Baltic proper. 
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TABLE 1. The percentage distribution of diatoms in the samples studied; sampling station, date, sampling depth, 
salinity of surface water (mean 0-10 m) and salinity of near-bottom water given at top, and number of taxa 
counted, total number of taxa recorded and species diversity given at bottom. Species without percentages are 
given below the Table. The nomenclature essentially follows Hustedt (1927-1930, 1930, 1931-1959) and Hendey 
(1974) (r.sp. = resting spore). M = marine species, B = brackish-watet species, FB = fresh- and brackish-water 
species, F = freshwater species; P = planktonic species, L = littoral species. Letter in parenthesis indicates uncertain 
assessment. 
Station f 
> 
v 
a 
A 
a 
A 
a 
i 
v 
ra 
: 
u 
as 
" 
'~ 	0 
Cl 	Ca 
Z 
x 
0 
n 
5 
T 
r. 
is 
Date 	(1974) 	............... 30.7 31.7 1.8 2.8 3.8 3.8 4.8 	8.8 5.8 5.8 8.8 6.81 6.8 6.8 8.8i 	8.8 
•i ft 	Depth 	(m) 	.......... 	.. 	. 60 93 66 131 170 190 240 	75 89 90 88 73I 86 94 78' 	47 
•g ~, 	Salinity of surface water (°/U0) 5.0 6.0 6.7 7.1 6.8 6.s 7.5 	7.3 7.6 7.6 7.7 8.2 8.0 8.0 8.o 	8.0 
W 	Salinity of near-bottom seater 7.9 9.4 8. t 10.8 u.s 12.0 12.6 10.3 10.9 74. I 15.9 14. 6~15.s 16.o15.s 16.9 
P 	M Actinocyclus octonarius 	.. 0.5 2.0 	3.s 1.o 	1.5 	2.o 	3.5 5.5 3.5', 	1.5I 
i 
P 	B 	Chaetoceros cf. 	af}ine r.sp. 
-}- 
1.8 
+ + 3.5 	6.5 	4.0 
P M 	C. 	cetatosporum 	......... 0.s 1.o ..~ 	.. .. 	..I 
P 	M 	C. ceratosporum r.sp. 	.... .. .. .. .. .. 	-}- 3. s 0.5 	1. s . 
P 	M 	C. 	danicum 	............. 0.4 + 0.5 4.5 3.5 	-F- -{- 	= 	-I- 8.5 3.s, 	7.5 ;- 	0.5 
P 	TAI 	C. 	decipiens 	............. 1.o 	l .. 
P 	B 	C. 
P 	B 	C. helsauna. r.s p. 
P 	B 	C. woi 	harrim 	..... 
0. s 2.0 2. o f .. g 
0 2 5.5 1.5 2.0 	7.5 0.5 
P 	B 	C. 	n,ighami 	r.sp. 	........ 3. o 
P 	B 	C. 	ef. 	fallas Pt.-Lavi. 	.... { 4.0 	4.0 	4.5 4.5 3.0 	6.510.01 ' 2.5 
P 	- 	Chaetocetos sp........... 1.0 .. 	3.0 1.s 	1.s 	2.5 	2.5 3.5 3.0i 	2.5 2.0 	4.0 	1.5 
P 	- 	Chaetoceros sp. 	r.sp. 	..... 0.2 3. o 3.5 8.5'12. o 18. oj 5.545.5 	3.0 	7.0 23.5 13. s 21. o 22. s136.5 28.0 
P 	M 	Coscinodiscus grani 	...... -H 0.5 + 1.5 3,0 	-I- j 	0.5 	+ 	0.5 	0.5 1.0 +'~ 	+ ;- i 	0.5 	1.0 
P 	FB 	C. 	lacustris 	..... 	........ 0.6 1.0 0.51 + -L 	-T- -I- 	2.s 	-+ 	-- 0.5 1. u 	1. o' 3.o 	2.5~ 	0.5 
P 	FB C. 	rotbit 	v. 	subsalsa 	..... 0,2 .. .. .. .. 
P 	- 	Coscinodiscus 	sp. 	........ .. .. 	0.5 
P 	B 	Cyclotella caspia Grun. . .. . 1. s 9.5 13.0 20.5 	8.5 4.5 	3.5 	2, o 10.0 5.5~ 9. rn 	3.5 5.0 	8.5i 	3.5 
P 	M 	Helosts arctica r.sp. 	.... + 0.5 ~ .. .. 
(L) - 	Melosirs 	sp. 	r.sp. 	........ 0. G i 	. 	. 
L 	M 	Paralfa sulcata I . 2.5 
P 	Al 	Slceletonema costatum 	.... 4, 2 30. o 22.5 .. 2.0 	4.5 20. o 22. s 66. o 50.016. o 36. s 14.5 15. o 	4.5 11. o 
P 	FB Stephanodiscus hantzschii . 
P 	B 	Thalassiosica 
0,2 . 	. + .. .. 0.5I 	.. 	0.5 .. 	.. .. 	. 
baltica 	...... 0.s ,- -- 1.5 2.oj 	-I- -H 	2.s 	-'- 	.. 0.51 H- i 	0.5~ 1.0 	1.5 	i.0 
P 	M 	T. 	ef. 	decipiens .......... .. O.s 2.0~ 1.5 	1.0 3.oi 	..I 	1.0 
P 	M T. eccentrics e cent c 0,s1 
P 	B 	T. 	.......... 3.2 4.5 2,o41.o17.s 8.o O.s .., 	.. 
P 	(B) Thalassiosira 	sp. 	......... 0.4 2.5 5.5 7.5 5.5122.0 44.0 12. o pi 12. o 12.519.0 12.5':28.., 19.0. 19.0 17.5 
(P) - 	Centrales 	indet. 	.......... 0. 1 0.5 1.5 1.0 ... 	..' ..1 	..1 	.. 	.. .. ..I 	.. ..I 	.. 	.. 
L 	B 	Achnanthes hauckiana .... 0.2 H- 0.5 0.s ..~ 	0.5~ 0.5 0.5 	H- 1.1) 	. 	0.5 
P 	B 	A. 	taeniata 	.............. 64.0 38.0 39.5 10.o 6.5 15.5 12.5 	2.u ' 	4.5 	2.5 2.0, 1. o, 	2. o, 4.5' 	2.5 	4.0 
- 	- Achnanthes sp. 	.......... .. .. 0.5 0.5 
(P) M Amphiprora 	kjellmanii 	v.? 0.2, 
. I 	.. 	.. ta 	kj L 	B 	Amphora 	iformis  1.0 .. .. 	0.5 .., 	..' 	.. 	.. .. s 0. 	.. 
L 	FB A. 	ovalis v. 	ovalis .. -r -i- .. 	.. - 	-H 	+ 	+ -- 1.0 	-- - 	-- 	.. 
L 	FBA. ovalis v. pediculus .... .. 1. o -{- . 	1. of .H 	+ -- + . 	,- 1, 5 	- 	4- 
L 	M 	A. 	proteus 	.............. 0.2 .. I 	i 
L (M) Amphora sp. »very small»  s I 1.5 	2.o 
1.of 	10 	1.5 L 	(M) Amphora 	sp . 	............  T }o 1.5 
L 	M 	Cocconeis clandestine 	.... .. - 	0.5 
L 	F 	C. 	diminuts 	............ 0.5 .0.5 	0.5 1.5 	1.0 0.5 	. 	0.5 
L 	FB C. 	pediculus 	............ 0.2  4 -- I .. 	 .s 1 .. I 
L 	M 	C. 	scutellum 	............ 0.s 0.s 1 { 0.s 0. so i 	0.5 	0.5 
L 	(M) Cocconeis 	sp. 	........... 1... .. 	0.5 0.5 0.5I 	
1.01 -- 
2.5 
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TABLE 1. (continued) 
5[fln Oil _ 
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1- 
1- 
a a 
"- 
a 
0' 
a 
° u. 00 e U m U w 
W 
q 
W 
A 
.y  
m 
x x 
0 
x x a 
L 	FB Diatoma elongatum 	...... 	3.6 0.5 0.5 0.5 -- .. 
L 	M Dinierogramma minor .... 0,5 .. + 0.5 .. 1.0 
L 	of 	Diploneis 	didyma 	........ 	.. .. . . . 0.5 + 0.5 . + . 
L 	(M) Diploneis 	sp . 	............ 	{ -I- .. 0.5 0. s 
L 	FB Epithemia 	turgida 	....... 	.. .. .. .. + + + H- .. + .. + + 0.s -1- 
L 	FB Fragilaria 	pinnata 	........ 1.5 1.5 0.5 1. o .. 2. o .. 2. o .. 1.0 0.5 0.5 2.0 
- 	- 	Fragilaria 	sp . 	............ 0.5 .. .. .. .. 
P 	iM 	Fragilariopsis cylindrus 
(Gran.) 	Krieger 	.......15.8 6.0 2.0 0.5 2.5 1.0 .. .. 0.5 .. 0.5 0. s + 0. s 1.0 
L 	M 	Grammatophora sp. ...... 	.. .. I .. .. .. .. .. .. .. .. .. 0.5 .. .. + .. 
L 	M 	IMastogloia pumila 	....... 	0.2 .. .. .. ..' .. .. + . 
L 	F 	Nvicula platystomn ...... 	.. .. .. -I . .. + .. + .. .. .. 0.5 
(M) Navicula sp. (Sect, Lyratae) 
.
L 1.0 + 
- 	Navkula 	spp...... 	..... 	-} -f + 
..
L + 0.5 -I- ± + .. .5 0.5 .. 10 .5 
(P) FB Nitzschia actinnstroides 
(Lemur.) 	v. 	Goor 	...... 	0.6 0.5 .. 1.5 14.0 0.5 -1- .1.0 
L 	FB N. 	frustulum 	............ -I- .. .. .. 0.5 0.5 
L 	FB N. 	kutingina 	........... 0.5 
L 	FBN. paloa 
F 
0.5 
L 	
M
N. 	punctata 	............. F .. 0.5 
L 	if! 	N. 	punctata v. elongata 	.. 0.5 
- 	- 	Nitzschia 	spp............0.-1 -r -1- . 0.5 1.s  . -1- 
M 	Opephora 	marina 	........ .. 
.
L 1.o -~ -- .. 0.5 + -1- 
L 	FB O. ,nartyi -I- 0.5 + 1.5 0. s 0.5 
- 	pophora 	sp. 	........... 	.. .. 0.5 0.5 
L 	ivt 	Plagiogr. 	staurophorum 	.. -}- .. -1 .. .. 1.0 
L 	NI Rhabdonema arcuatum 	... 1 0.5 .0 
+ L 	M 	Raphoneis nitida 	........ 	.. .. 0.5 .. 
L 	FB Rhoicosphenia curvata .... 	0.4 {- 1.5 1 I- -I- + .. 0. s 
L 	FB Rhopalodia 	gibba 	........ 	~ 	.. + -F + .. .. .. 1.0 
L 	B 	Synedra 	tabulata 	......... 	0.2 0.5 2.0 2.0 1.0 0.5 + 1.0 + + 0.5 0.s + 0.5 1.0 0.5 
L 	- 	Syneds 	sp . 	............. 	.. .. .. 0.s 0.5 
c _ iii- 	Pennales 	indet . 	.......... 	. 	.. 0.5 .. 0.5 0.5 + + .. 0.5 0.5 0.5 2.5 2.s 1.0 0.5 4.0 
1.8712.03 Species 	diversity 	......... 	x,1.42 2.08 2.38 2.21 1.73 1.68 1.32 1.77 2.29 2.21 2.18 2..11 2. 1 2 2.48 
No. 	of taxa 	counted 	..... • 	261 19 20 22 18 17 13 15 14 17 25 25 21 28 25 28 
Total no. of taxa recorded 	37 35 34 39i 25 31 28 38 28 26 39 43 41 41 42 46 
Species ithout percentages: AIelosira moni)iformis (L, A1) BCS II 12; 
Rhizosolenia sp. (fragm.) (I', SI) DBS I; Stephanodiscus asuaea (P, F) 
LL 15, LL 19, Achnant1 es bottuica (L, FB) BCS 111 2, BCS Ill 10, 
DBS 2, I-IBP 213; A. dispar (L, FB) DBS 2; Amphora graefi (L, M) 
LL 15; Astcrionelln fonnosa (P, F) XV -1; Bacillaria pasillifcr (L, B) 
F 80, HBP 136, By 2a; Cocconcis plzecntula (L, F) FBI; C. 
stauronciFormis (L, Dl) HBP 133; Diploncis intcrrupIa (L, \I) 
HBP 115, 1-1BP 133; D. not,,biIi, (L, SI) HBP I I5; D. smithii (L, AI) 
BCS III 2, HBP 136, HBP 133, BY 2a; D. smithii v. pumila (SI, L) 
I-IBP 136; D. strocmi (L, \I) HBP 136, HBP 11S, HBP 213; 
Epithemia sotox (L, FB) XV-I, FIBP 213; E. zebra (fragm.) (L, PB) 
By 2; E. zebra v. porcellus (L, PB) HBP 136; Epithcmia sp. (L, -) 
LL 7, LL 1 I, DBS 1, HBP 136; Gomphonenm crucifers Edsbagge 
(L, St) By 2a; G. olivacca (L, FB) LL 15; Granunatophora occanica 
(L, ill) BCS III 2, BCS 111 10, DBS 1, HBP 136, HBP 133, HBP 213, 
By 2a; Licinoplior.i oedipus (L, AI) HBP 136; Liemophori sp. 
(L, SI) LL 11, LL 15, LL 19, F 80, BCS III 2, BCS 111 IQ, HBP 115, 
1-IBP 133, HBP 213; Afastogloia smithii v. lacustris (L, FB) BCS 
III 2; Nnvicula n brupta (L, NI) HBP IIS, By 2; N. forcipatn v.? 
(L, NI) By 2; N. gracilis (L, FB) XV-1, LL 11, LL 15, BCS III 2, 
HBP 136; N. humerosa (L, SI) HBP 213, By 2; N. honicrosn j 
latissima (L, DI) BCS III 2, HBP 136; N. iucniscus (L, B) HBP 115; 
N. peregrine v. kefvingicnsis (L, B) XV -1; N. cf. pincentula (L, F) 
F 81; N. rhombica (L, Al) BCS 111 2, HBP 115; N. scutelloides (L, F) 
DBS I; Nitzschia npiculata (L, SI) LL 15, HBP 133, By 2; N. 
closterium/longissima (P, SI) LL 7; N. frigida (P, SI) XV-1, LL 7; 
N. sigma (L, SI) LL 7; Pinnularin globiceps (L, FB) XV-1, LL 7, 
LL 11; Pinnularia sp. (L, -) BCS Ill 2; Synedra tabulera v. fasciculntn 
(L, B) LL 15, HBP 213; Tabellaria fcnest rata (L, F) LL 11. 
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